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HABITABILITY SUBSYSTEM	 Housekeeping
APPLIANCE FUNCTIONS CONSIDERED
3.1.1 Surface Wiping
3.2.1 Manual Collection
3.2.2 Vacuum Collection
3.2.3 Refuse Transfer
3.2.4 Refuse Processing
3.2.5 Refuse Disposal
3.3.1 Washing
3.3.2 Drying
3.3.3 Washing/Drying Combination
DESCRIPTION
The housekeeping habitability subsystem was designed to provide the cleanup,
collection, processing, transfer and storage of refuse generated during a
mission and crewman garment/linen maintenance. The study assumed refuse trans-
fer would be accomplished manually for the missions under consideration. Longer
term missions may eventually require some forms of automatic transfer. -The
housekeeping routines and equipment interface with all of the crew tasks,
including experiments, medical research and care, system operations, dining,
recreation, sleep, and personal hygiene.
r._
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HABITABILITY SUBSYSTEPj 3.0 Housekeeping
HABITABILITY FUNCTION 3.1 Equ i pment Cleaning
{
APPLIANCE FUNCTION	 3.1.1 Surface Wiping
NUMBER OF CONCEPTS CONSIDERED 12
ASSUMPTIONS
0) Equipment cleaning includes all methods which use a moist wipe, cloth or
sponge and a means of drying-the item cleaned.
(2) The equipment cleaning function was assumed to be performed 15 tio o'nes per
'day. Three times for meal cleanup, six times for cleanups of the personal
hygiene area, three times for cleanup of spills, etc., and two for continency
cl aanup.
(3) Usage of a wetting unit, or equivalent, was based on 2.25 minutes per use.
(4) Washer/dryer penalty was based on washer concept 8, Dater Spray Agitation
and Dryer concept 1, Forced Hot Air - Electric Dr,, ►er.
(5) Water used for Space Station equipment cleaning was assumed to be recycled
minus the water lost associated with the suspended solids. Shuttle water used
is not recycled.
^.	+ ._- ^^___ •!	{LSaeSt	lt3^1I I- -.tllrl-__d104.11 -!^t	0-11	1	,-+-SZ•1-1- D-S"-4-004	100{F+"-t----.EC
1
'-^^	0•S	1	td+1	1•6I096155•LS	•OC	•ZC	L'15040181	Oo•	zOMS'ZS000.51	01
_	
{0+1	th5.4C	}	ft°92ESt}pa04	t+8hd	1	1409C	I	(069ZII10400	1004	ItoOCL•rs	1Ica,
-- A•
__
OC—x-- Cast
	-_ 1+48ZQ0 4 044---0 4 005---- •8L2- -- •50I	L4i5—h•t55t-00•	1665•x—S--OOQ+51	---1-
rr+•I
	-	
6C_{Or5zl-1--{daQCI-- -OGs	1 0ou9As-I-­­LC0•-
06or	z	466	t•LIS0.09C0+0a5	•BLZ	4501	L•ISbai55l	Oct	hgLS'ZS00a4Si	8	r
._-_-	^-	_--- .__.__-------	--	
---10452111040t3 ^ 1000	! tQa04'S	I
1,01S91-004 -- Zah5,2 —5
t00^f -tzi•15	1	I5•z2otl0406	tool.&	1	1409C	I	(p•IIL	1(a4	1	1004	Iflaca'	ILCOo
•ac^2QCOLrs.1---L-
__--
_--ins.
Oa
C8+1-	i_(1•Ozz
S	t	ZZg
I-0•aht
1.001
	
SaLS
II40ht—
9'1S
-IO+SzII-(p•Sfl --too+- Lois	040181	006
.ltlal-I -tool IrJ-•--to,	-1-tQ+	-1--.laa+—
•at	4Zf	0+
	
So	pa•
IIC5Z5'-1--
10CZ4	5
if1at30+-t-
Coca,	z
-
1f0+-
000451	t
^^^
r
^I
^
10404	1	t0.00I	4004110524'	1
h•ISS1_-..a0•--••----	%C	t
{0•	}t1L+8	}15•£052	!-	a•04(48h6	1	(4090	1	IQ4	I	to,	1	top,Ittoca4	1LCO' 4
q_	Q► £.-.^._Z-52	-----+	, 4	L}t_..-p	19C--_a 0Q5-.._-a	• .roLZ-^-4Sa1--^-.p	.__._ p	_-_0ara .f0a0-----Z—oOpr 51	S-C
We
	
1jq	rVAC41	1 0•	---- n	l-t.f.114l^p 1	ta LOt-I-1-0taCi-tJ]0,	I p0II5`.	1ECi
00Q405	Z	It•VOL	V IC84x5all	4Cfg	141Z	ha1S5I	
coo
94zZ+	SOoo+SI	k
G t
ISa	IMost
	1IC698	I	0•04^} 140	1	1404C0:
^+-----
	
-.II•^1	I __- 804	_ _.._..t,&t	-..-.a& -..--pa _-DO40	_.	- . ... -	----coo	jt-----•--C
t
10_124_1	IWDtI—cDO6	Wcoas•	1-
tatz	h4IS5t	0041£924	S
-_tQas .._—q'_IIah6_4-t404C--_L_tO+.__L_tdb.--•I-fOOI—ItLOGO!Ira4-..
04OC	z	Ozaa4C0I
	
0409[04005•SLz	asol	0+
	as	ca.Coca,	zOOO+S1	LI
10401	1	Ip40CI	1004110005•	I
I!.1x—(.LSSSl-IIctggzz4	s
tag	1M&tcz I(0496Z	I	at0+(4866	1	t•o9C	I	f0'az	I	t0,	1	1004ItLap04	ILCp•
0•._-aC - 2 _
	
89+ - ---•S•Ztl._-	04090.-OocaS•BLZ	-	!SO I._-- .I'IZ -- 0+--00rfOaII•	Lapa+SL	t
•/	aesaaeeavasseas+aasaasaaaaeeaa aarasea•aan•arsaaasa•se•aete aseaoaea aaosa•♦aearsaaese•aaaaeasas•a aseaaasas•.r rassrs.srsaaaeaasars•aQ_'F
'SQ1d-tl}I-tSR"1I-- -*<S11Ya^+•-^Si1Y26^(yHSfli{!h E8H/f110;-Id 9301-(91541 ---trl	5(1ip-1=1f age-Iese1	last	•'H 03"buu-	IS30••Silym-	-SIIY4"	a3 930" '•9HHH-	a-35(1/9I1-	III350ISHR
_	_.-iu9{3x _--Y30H1 -91YAY	3u010A11+9130	3Y3YNY31 IN	iHY1007 -	dH31	S53dd	)101;---- 5350- 31JtI-dtl0/5356	----
1bµ4	9AYI(4d	`Ad'SHY[[ ra-	—-----------i-1.----- .----- ar -------------	-r•r-	----I• ----w	is.	--............—.............__.ra4.F
49033N11
	ON
.
dII!;214	1U3QJ013x3C-sIun34 10AXI	-s1Ht+8a-HM.1-33'13$luh3&-4YNV13AI	SiN3N3t(In8'3a-	4144-531(IYNf►SNO:	9YSn-1­193Na4
1^.	_ .-- ---	---	_	----	_	--t3'iiiflH5}- TJkldilF-33Yd11a5-°roaes-10111•ON-X3Gkl -
rte•^a aara.wrrwa...wrarww ws..rwa.Mw—.cw—."--
,Y.^-yYIHIYH Nol13H(13 Ld3]Np3 33flyliddY
_
Iltt
r
N
c+7
1
NCO
i1-1
	
i5=DDO-7^zY68	 Fvo---ISSt^^--•---st,7-----•--tc5=-----z7a.-------saQ=n --saa,o---- ss.7--_-- . .17^--^,-----au
	
^c
R037	 1	 1500D11
	
1001	 130,O1	 {115,0)	 1	 760,1	 t 99801	 1Q	 ,D	 1	 188,91	 t	 61101	 lout
12	 1S 1D013	 5	 ,2268	 ,o0
	
155114	 51,7	 321	 301	 57e5	 57#5	 8715	 #1 1 	 	 5	 #0
Q3T--L—i 5 DO01t
—`i'our—laat0 "11 2 5101—` i—I101I—i-20111-- I40,0 --- Ina.D	 ; 192.81 ;t
	
3eHOt_`""	 j'r`tII7
=
,-
hr
{ 
}1 - CABIN AIR	 (CIRCULATED), LITERS/SEC (FT3/.11u) ---
'{,
----- - --	 -- --—
2 - CABIN AIR	 (LOST)	 , KG/HR	 (LB/HR) (^
3 - OXYGEN	 (LOST)	 , KG/HR((LB/HR
4 - COOLVIG WATER (CIRCULATED), KG/1!R 	 RUM) .O APPL IANCE--	 -- ---- -- ---	 - -	 -	 -	 ---	 --- _ _	 5 - RATER	 SLOST)	 , KG/HR	 (LB/Hit) ^ (^
i
?	
-,
CONCEPT
R. 6 - NMOGER	 (CIRCULATED), KG/HR	 (L9/fUlUSED) 	 KG/RR	 LBjHRj
C7 ((((CIRCULATED),8 - FREON
GEN
KG/HR	 (LB/HR) ^.
1
1	 °-"	
_	 ___-- -. --.--_-- ----
Z	
REuSAHABLE
LE hLT
	
*IFFS
IP ES-0 1P£5S-
ISPO5ABL1: ORT dIPES 9 - EATER	 (PROCESSED) , KG/HR 	 (LB/HR)a	 ` °	 U AB!-^ 3 -°-`-`OISP45A y LE aET/pRT V1PES [PREPnCKA6E p 1	 ------- ,.
Y	 -	 AUTOMATIC SPONGE MOP
S	 EUSA9LE°C4E^HiH^e-CLOTHS-p}SPDSIBtiC-DH
	
AIP E5
COSTDISPOSABLE CLEAN111fa iLOTHS
	 i5KLA81
	 D15POSAOLE CRY WIPES (.(**)AVAILABLE	 INDICATOR r
---	 7 --- DISPOSABLE AET *fPES REUSABLE DRY-111 P ES	 ^-
I 8	 »	 REUSABBLE AETiDRT g IPES (1) AVAILABLE	 0-25% =-{	 -- ^- —?--REUSABLE CLEANING CLOTHS/ORY- wIPES (2) STATE OF THE ART	 25»5D: c3Dto	 -	 DISPOSABLE CLEARING CLOTHS REUSABLE DRY RIDES
' -1-t-------SPO"GC5tERI 	 DSE0-- 4 T -T-"tfr-Un 7 (3) SOME DEVELOPMENT REQUIRED	 50-75:
12	 -	 SPONGESJSKYLAB TYPE WETTING UNIT (4) EXTENSIVE DEY. REQUIRED	 75 -100:
C3)
-
w C1^
i	
I
lAMIANCE
CONCEPT
N0. ►_	 C O N C E P T	 H A K
. E
J_ «_.• DISPOSABLE WET/DRY WIPES
2 »
	REUSABLE VI ET *jPES -DISPoSA:PLE DRY WIPESw^
3 ++.._ DISPOSABLE wET/DRY W IPES IPREPACKAGEDI
4 +-	 AUTOMATIC SPONGE MOP
5 y	 REUSABLE CLEANING CLOTHS DISPOSABLE n8Y TRIPES
6 M	 DISPOSASLE CLEANING CLOTHS ISKLARI DISPOSABLE DRY WIPES
7 » 	 DISPOSABLE VJEi WI P ES REt1SABLE.D RY WIPES_
B
	
'REUSABBLE IiET/DRY VIPES
g,_.. ,
 _REUSABLE CLEANING CLOTHS/DRY WIPES
^Q »	 DISPOSABLE CLEANING CLOTHS REUSABLE DRY WIPES
too
j pD
C
a
•4
'C
E
_^
' I 60
A
E	 T
16
•
r
p^ 7D
p
S,
E
p
F
•	 4
l _
4
20
p
t
4
sr.	 1!
f4Gl 1?.
CONCERT NUMBER
_	 --	 Surface Wiping (Shuttle) Concept Trade
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION. 3,1.1-EQUIPMENT CLEANING
NUMBER
	 OF	 COMPONENTS .
COMPONENT TYPE
NUMBER
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L w N ITEMS
0 ®® 16 0® lg Q o
^^} ^^
^`1
^^^^
hJ o o 0NO.
DISPOSABLE WET/DRY WIPES 1 2 2 1 1 1 1 1 - - -- - 1 1 0
REUSABLE WET WIPES/DISPOSABLE 1 2 2 1 1 1 1 1 - - - - 1 1 0
WET WIPES
DISPOSABLE WET/DRY WIPES - - - - - - - - - - -• - - 0
AUTOMATIC SPONGE MOP {ASTRO-VAC} 1 2 2 .	 1 - - 1 1 1 - - - 2 1 0
REUSABLE CLEANING CLOTHS/ 1 2 2 1 • 1 1 1 1 - - - 1 - 0
DISPOSABLE DRY WIPES
DISPOSABLE CLEANING CLOTHS/ - - - 1 - 1 1 1 5 1 1 1 - 0
DISPOSABLE DRY WIPES
DISPOSABLE WET WIPES/REUSABLE 1 2 2 1 1 1 1 1. - - - - 1 1 0
DRY WIPES
REUSABLE WET WIPES/REUSABLE 1 2 2 1 1 1 1 1 - - - - 1 1 0
DRY WIPES
REUSABLE CLEANING CLOTHS/ 1 2 2 1 1 1 1 • 1 - - - - 1 1 0
REUSABLE DRY WIPES
DISPOSABLE CLEANING CLOTHS/ - - 1 - 1 1 1 5 1 1 1 - 0
REUSABLE DRY WIPES
SPONGES/ENCLOSED WETTING UNIT 1 2 2 1 1 1 1 1 - - - - 1 1 0
SPONGES/SKYLAB TYPE WETTING UNIT - - - - 1 1 1 1 5 1 1 1 - 0
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SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Ho'.3sekeeping	 HABITABILITY FUNCTION Equipment Cleaning
APPLIANCE FUNCTION Surface Wiping
APPLIANCE CONCEPT NO./TITLE 1/Disposable Wet/Dry Wipes
'INDEX NO. 3.1.1.1	 REF. NO. 236,186
DESCRIPTION
	
The disposable wet/dry wipe concept utilizes a wet wipe for clean-
up and dry wipe to soak up remaining moisture. A wetting unit with hand holes is
supplied for the function. The wetting unit has a water supply outlet and a fan
for providing water entrainment during use. A centrifugal separator is provided
upstream of the blower to collect used water. Water temperature is controlled
by mixing hot with cold water in a temperature controlled mixing valve. The crew-
man wets the wipe, uses it for area cleanup (disinfectant soap is located at-the
wetting unit) and can be rewetted if necessary for cleanup. The wipe is wrung out
in the wetting unit and disposed of by deposit into a vacuum drier to remove excess
water. Dry wipe's are provided to dry damp areas left by the wet wipe. The used
wipes are deposited into the refuse system. The disposable wipes are ;2 inch
squares of 4 ply "wet strength" paper. One wet wipe and one dry wipe are provided
per cleanup based on a maximum of 15 cleanup functions per day.
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APPLIANCE CONCIPT REQUIPLMINIS AND PENALTIES CALCULATIONS
CO!{CEPT	 ^^I/s r ^L	 L^C^f^ f{J/FAGS IHOEX t •UMBER
ELECTRICAL
	
POWER	 RE	 IREME111S
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	 ELECTRICALf	 HEAT LEAK
	 TO COOLANT WEIGHT VOLUME
SOURCE	 ( BTU/IIR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 ( LB/HIS51014) (FT3/MISSION)
TOTAL
a	 IIATTS/CYCLE	 WATTS/CYCLE MI/HISSiON
(BTU/11R/CYCLE) 	 (OTO/lilt/CYCLE) (LU/M15S10:1) (ITI/MISSIOH)
B2-319
a2-1!8561.3
APPLIANCE CONCEPT REJUIREMENTS AND P ENALTILS CALCULATIONS (CONCLUDED)
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SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Equipment Cleaning r
APPLIANCE FUNCTION Surface Wiping
APPLIANCE CONCEPT N0./TITLE. 2/Reusable Wet/Disposable Dry Wipes
`It]DEX N0.	 3.1.1.2	 REF. N0,	 236,186
DESCRIPTION The reusable wet/disposable dry wipe concept utilizes a wet reusable
wipe for cleanup and a disposable dry wipe to soak up remaining moisture. The
wetting unit described in concept; 1 is also required for this concept. The re-
usable wipes, however, are wrung out in the wetting unit and reused. Three reus-
able wipes are provided for a'maximum 15 cleanups per day. The wipe is used a
maximum of 5 times before washing. After sixty washings, the wipe is discarded
and replaced. The-reusable wipes. are 10 inches square of 4 ply "wet strength" paper.
The disposable dry wipes are 12 inch squaresof 4 ply "wet strength" paper. One
dry wipe per cleanup are provisioned which are disposed of by deposit into a vacuum
drier to remove excess water. The dry wipes are provided to dry damp areas left
by the wet wipe.
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APPLIANCE CONCEPT REQUIREMENTS AND PENAL711S CALCULATIONS (CONCLUDED)
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SPACECRAFT	 Shuttle
IABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Equipment Cleaning
APPLIANCE FUNCTION Surface Wiping
APPLIANCE CONCEPT N0./TITLE 3/Disposable Wet/Dry_ Wipes (Prepackaged)
'INDEX N0.	 3.1.1.3	 _REF. N0.250,283
DESCRIPTION The disposable wet/dry wipes concept consists of prepackaged wet
wipes which were used on Skylab. The wet wipes are contained within a package to
eliminate water evaporation during storage. The dry wipes are dispensed from a
196 count container. The wet and dry wipes are used for cleanup and discarded.
The Skylab size wet wipe weigl't and volume were ratioed (6.3) to the 10 inch
square wipes used in Concepts 1 and 2 in order to provide a equivalent trade.
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a?-118561.3
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
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SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Equipment Cleaning
i APPLIANCE FUNCTION Surface Wiping
APPLIANCE CONCEPT N0./TITLE 4/Automatic Mop
'INDEX NO.	 3.1.1.4	 REF. N0.	 236,100
DESCRIPTION The automatic mop concept is a hand held scrubber head connected by
coaxial flex tubing to a eater supply valve and an air transport system. Water
is fed into a sponge in the scrubber head for use in cleaning equipment. A water
pick up housing connected to the vacuum line surrounds the sponge. A water separator
is used to collect water from the cabin air. A pump unit Injects water into the
water waste management system. One new sponge is provided per week.
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SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Equipment Cleaning
APPLIANCE FUNCTION Surface Wiping
APPLIANCE CONCEPT NO./TITLE 5/Reusable Cleaning Cloths/Disposable Dry Wipes
'INDEX N0. 3.1.1.5	 REF. N0. 236,237,245,209
DESCRIPTION The reusable cleaning cloth/disposable dry wipe concept is the same
as Concept: 2; however, terry cloth are used for cleansing cloths. T he terry wash
: a
	
	clothes are 6 inches square. The cleaning cloths are provisioned 3 +per day for a
maximum of 5 clean up functions. The cleaning cloth is used for sixt; washings
then is discarded and replaced. The cleaning cloth is washed and dried daily using
a washing machine and dryer. The disposable dry wipes are 12 inch squares of 4 ply
"wet strength" paper. Once disposable dry wipe is • provided per clean up based on a
maximum of 15 cleanup functions per day. The wipes are disposed of by deposit in
the refuse system. The concept is penalized for theusage of a wash/dryer for recycling
the terry cloth cleaning cloths.
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SSPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Equipment Cleaning
APPLIANCE FUNCTION Surface Wiping
APPLIANCE CONCEPT N0./TITLE_6/Disposable Cleaning Coths/Disposable Dry Wipes
'INDEX NO.
	
3.1.1.6	 REF, N0. 236,283
DESCRIPTION The disposable cleaning cloths/disposable dry wipes concept is the
system used on the Skylab applied to equipment cleaning. Tile terry cloth cleaning
cloths.are wetted by depressing a water supply valve. The unit will provide warm
water from a heated storage tank. After the cloth is used, it is squeezed using
a manual squeezer unit. The water squeezed from the cleaning cloth is assumed to
be recovered and routed to the water waste management system. Three cleaning cloths
are provided per day for a maximum of 15 cleanup functions. The cleaning cloths
are disposed of by deposit into a vacuum dryer to remove excess water. The dried
cloth is then deposited into the refuse system. The disposable wipes are 12 inch
squares of 4 ply "wet strength" paper. One'dry wipe is provided per cleanup based
on -a maximum of 15 cleanup functions per day. The used dry wipe is deposited into
the refuse system.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS ( CONCLUDED)
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HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Equipment Cleaning
APPLIANCE FUNCTION Surface Wi ing
APPLIANCE CONCEPT NO./TITLE 7/Disposable Wet Wipes/Reusables Dry Wipes
'INDEX N0. 3.1.1.7	 REF. N0.	 286,186
DESCRIPTION	 The disposable wet wipes/reusable dry wipes concept is identical to
concept 1, however reusable dry wipes are used for equipment drying. The terry cloth
reusable dry wipes are 15 inches x 30 inches and are used a maximum of 5 times before
washing. l	 wipes are washed and dryed after one day of usage and are discarded
after 60 was ngs. Pie dry wipes are provisioned 3 per day for a maximum of 15
cleanup funcLiuns. The concept is penalized for the usage of a washer/dryer for
recycling the drying cloths.
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HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Equipment Cleaning
APPLIANCE FUNCTION Surface Wiping
APPLIANCE CONCEPT NO. /TITLE 8/Reusable Wet/Dry Wipes_
'INDEX N0.
	
3.1.1.8	 REF. N0.	 236,186
DESCRIPTION
	
The reusable wet/dry wipes concept is identical to concept 2; however
reusable dry wipes are used for equipment drying. The terry cloth reusable dry wipes
'
	
	 are used a maximum of 5 times before washing. The tripes are washed and dried after
one day of usage and are discarded after 60 washings. The dry tripes are provisioned
3 per day for a maximum of 15' cleanup functions. The concept is penalized for the
usage of a washer/dryer for recycling the cleaning and-drying cloths.
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SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Equipment Cleaning
APPLIANCE FUNCTION Surface Wiping
APPLIANCE CONCEPT NO./TITLE 9/Reusable Cleaning Cloths/Dry Wipes
INDEX N0.
	
3.1.1.9	 — 
— REF. No._ 236, 237,245
DESCRIPTION The reusable cleaning cloths/dry wipes concept is identical to concept
5; however, reusable dry tripes are used for equipment drying. The terry cloth reusable
dry gripes are used a maximum of 5 times before washing. The wipes are washed and
dried after one day of usage and are discarded after 60 washings. The dry wipes are
provisioned 3 per day for a maximum of 15 cleanup functiuns. The concept is penalized
for the usage of a washer/dryer for recycling the cleaning and drying cloths.
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APPLIANCE CONCEPT REQUIRCM[NTS AND PENALTIES CALCULATIONS
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
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SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION_ Equipment Cleaning
APPLIANCE FUNCTION Surface Wiping
APPLIANCE CONCEPT NO./TT r LE 10/Disposable Cleaning .
 Cloths/Reusaiiie Dry Wines
'INDEX N0.	 3.1.1.10	 REF. N0._ 236,283
DESCRIPTION
	
The disposable cleaning cloths/reusable dry wipes concept is identical
to concept 6; however reusable dry wipes are used for equipment cleaning. The terry
'	 cloth reusable dry wipes are used a maximum of 5 times before washing. The wipes
are washed and dried after one day of usage and are discarded after 60 washings.
The dry wipes are provisioned"3 per day for a maximum of 15 cleanup functions. The
concept is penalized for the usage of a washer/dryer for recycling the drying cloths.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
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SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTE14Housekeeping	 HABITABILITY FUNCTION Equipment Cleaning
APPLIANCE FUNCTION Su rface Wiping
APPLIANCE CONCEPT N0./TITLE ll/Sponges/Enclosed getting Unit
'INDEX NO.	 3.1.1.11	 REF. 1 ,40.	 236,170
DESCRIPTION The sponges/enclosed wetting unit concept uses the wetting unit de-
scribed by concept 1. The sponges are compressed and are used for pickup of spills
of any type and general cleanup. The sponges are made of cellulose material which
expands to approximately 15 times its compressed volume when soaking up liquid. A
single compressed sponge is 5 inches long by 1.6 inches wide by .25 inches depth.
The sponge volume is 2.0 cubic inches and weighs 18 grams. The wetting unit is
used for wetting/wringingthe sponges during cleanup. The sponges are used for
cleanup and drying. F=ive aponges per day a're provisioned for a maximum of 15
cleanup and drying functions. Each sponges is used 3 times and discarded into the
refuse system.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
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SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Equipment Cleaning
APPLIANCE FUNCTION	 Surface Wiping
APPLIANCE CONCEPT NO./TITLE 12/Sponges/Skylab Wetting Unit
'INDEX N0. 3.1.1,12	 REF. N0.	 236 2 170	 -
DESCRIPTION The sponges/Skylab wetting unit concept is identical to concept 11;
however the Skylab wetting unit is used for sponge wetting/rinsing.
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIE; CALCULATIONS (CONCLUDED)
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HABITABILITY SUBSYSTEM 3.0 Housekeeping
HABITABILITY FUNCTION 3.2 Refuse Management
APPLIANCE FUNCTION	 3.2.1 Manual Collection
NUMBER OF CONCEPTS CONSIDERED	 3
ASSUMPTIONS
1. The manual collection of refuse utilizes crewman collection of refuse. The
collection devices considered were bags and stationary containers.
2. The refuse mix used for the compressible/noncompressible refuse is summarized
on the next page. The refuse mix was based on reference 203.
3. The total compressible and uncompressible refuse volume was divided by the
volumetric capacity of the collection devices to obtain the total number of devices
required for the missions.
4. The study assumed no compaction for the compressible trash collection devices.
Reference material stated that 20 percent compressible was possible by manual
compaction by the crewman. However, the conservative approach was taken by
asr!iming no trash compaction because of t' - ..- - - 1	„ _ _. _
the 20 percent might not always apply.
5. The weights and volumes of the r-efusE
Table. C2-6.
8
TRASH
BAGS
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TABLE B2-6
SPACE STATION/SHUTTLE REFUSE SUMMARY
J SPACE SPACE
STATION SHUTTLE STATION SHUTTLE
(LBS) (LBS) (FT3) (FT3)
COMPRESS IBLE
Health & Safety 11.10 1.296 11.59 .372
Crew Quarters 120.62 115.4 128.7 2.39
Food/Drink 566.2 32.93 13.08 .993
Crew Hygiene 171.32 3.07.58 129.36 2.48
ECS 0 0 0 0
RCS 0 0 0 0
Power 0 0 0 0
Structural Maintenance 21.15 .236 .281 .030
Communications 0 0 0 0
Data Collection .25 0 .006 0
COMPRESSIBLE REFUSE TOTAL 890.64 257.44 283.02 6.265
NONCOMPRESSIBLE
Health & Safety 0 0 0 0
Crew Quarters. 0 0 0 0
Food/Drink 0 0 0 0
Crew Hygiene 0 0 0 0
ECS 0 0 0 0
RCS 0 0 0 0
Power 0 0 0 0
Structural Maintenance 0 0 0 0
Communications 0 0 0 0
NONCOMPRESSIBLE REFUSE TOTAL
	
0 0 0 0
DISPOSAL
BAGS
COMPRESSIBLE
Health & Safety 144.0 10.80 5.14 .386
Crew Quarters 0 0 0 0
Food/Drink 3975.56 314.12 158.37: 12.237
Crew Hygiene 61.42 2.67 3.64 .095
ECS 36.98 6.95 .57 .43
RCS 1.75 0 .04 0
Power 0 0 0 0
Structural Maintenance 0 0 0 0
Communications 0 0 0 0
COMPRESSIBLE REFUSE TOTAL 4219.71 334.54 167.76 13.15
NONCOMPRESSIBLE
Health & Safety 0 0 0 0
Crew Quarters 0 0 0 0
Food/Drink 0 0 0 0
Crew Hygiene 11.38 .39 .72 :002
ECS 26.17 0 .14 0
RCS 207.03 0 13.43 0
Power 55.16 0 .730 0
Structural Maintenance 51.25. 0 .206 0
Communications 96.998 0 1.82 0
Data Collection 8.31 0 .078 0
\NONCOMPRESSIBLE 456.30 .39 17.12 .002
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Manual Refuse Collection (Shuttle)
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 3.2.1--REFUSE/MANUAL COLLECTION
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SPACECRAFT__,	 Shuttle
HABITABILITY SUBS,'Sl"EM Housekeeping 	 }HABITABILITY FUNCTI(M Refuse Management
APPLIANCE FUNCTIOIN Manual Collection
APPLIANCE CONCEPT U0. /TITLE I/Waste/Trash Bags
'INDEX RIO. 3.2.1.1	 REF. pro. 283,203,170,297
DESCRIPTION The waste/trash bags concept employs trash bags and disposable bags
for refuse collection. This concept uses the bag concept used on Skylab. The trash
containers are mounted on the back side of collector doors. The collector areas
are located in the food management, personal hygiene, and other areas where signi-
ficant amount of bulk refuse is generated. The study assumed 15 collectors for
Space Station and 3 collectors for Shuttle. Trash entry into the bag is through the
front of the collection door through a slit in the bag. The refuse collection was
based on its uncompressed volume. Disposable bags were applied for uncompressible
trash, The disposable bags are held during use by snaps located at various locations
throughout the vehicle. Both types of bags'have bag closure devices to seal the bag
after filling.
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APPLIANCE CONCEPT REQUIRETtLHTS NOD PENALTIES CALCULATIONS
-	
C04CEPT 1	 I110EX NUMBER - Z•_^^
I	 EEECTRI CAL POWER	 REQU1_f4EItTS
AC	 POWER	 _ 0 C POW ER__ _
G	 OEbi^0U ISE TIME	 O O5 06 DIAXtHO
CYCLE	 -PEAK, AVERAGE	 (CLEIIR/Y
(WATTS)	 ^X [^
PEAK. AVERAGE
(WATT-
X{(ICOMPONENT	 (REF)	 (HR)	 (WATTS) (WATTS) (WATTS)
1-miMUId TOTAL MAXIMUM TOTAL
THERMAL	 REQILi I EMEIITS
	
LATENT	 SENSIBLE	 HEAT LEAK	 TO COOLANT
r	
SOURCE
	
(BTU/HR)	 (BTU/HR)	 (BTU/HR)	 (BTU/HR)
L
TOTAL
WATT (BTU/HR)	 WATT (BTU IR)	 WATT (BTU/HR)	 WATT (BTU/HR)
0 P E R A T I 0 t= A L	 P E N A L T I E S
HEAT LEAK
THENOL. 
TO COOLNIT	 EL rTRICAL	 WEIGHT	 VOLUME^••	 -
SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATT S/CYCLE)	 (LB/3dISSION)	 (FT31MISSION)
F
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VIATTS/CYCLE	 WATTS/CYCLES	 KG/MISSION	 141/MISSION
	(BTU/HR/CYCIE)	 (BTU/HR/CYCLt)	 (LB/FIISSION)	 (FT ' /MISSION)
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
	
CONCEPYf-" Rn^s 	 +	 INOEX NUt4DER
FIXED	 WEIGIIJVOLUME	 REQUIREMENTS
	
HEIGHT	 VOLUME
COMPONENT	 (REF)	 (LBS)	 (FT3)
ai.[L> f (^ ^	 3. a	 7ZL
	
TOTAL 	 G.G(a$	 ¢,?
	
.DZ3G 3.DS
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r
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SPACE CRAI"T	 Shuttl e
11ARITAI. LITY SUCSYSTrirlHousekeeping	 HABITABILITY FUNCTIx, Refuse Management
APPLINNCE FUNCTIOil manual Collection
APPL I ANICE CONUPT I,Q. /TI1'L E 2/Waste Receptacles/Reusabl e
INDE?; l,O. 3.2.1. 2 	 REF, 1,10 r 170,160
DESCRIJ IT MI The waste receptacles/reusable concept utilizes aluminum rigid trash
containers with tops with perforated slits. Replaceable plastic liner bags are
used for refuse transport. The containers are held to structure with steel spring-
finger retainer strategically placed throughout the vehicle. The number of containers
used for space station were 30 and 6 for Shuttle. The number of containers was based
on the fact the collectors are at fixed locations within the vehicles. The same
container was used for compressible and uncompressible refuse. The number of plastic
liners provided for the concept were based'on the refuse volume. The plastic liners
were assumed to be changed every 5 days based on volume of .68 FT 3/collector (15
liners/5 days for Space Station, :634 liners/5 days for Shuttle). The liner volume
wa•s-assumed to be .27 I=T3 less than container volume to allow for positive closure.
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APPLIA.'ICE CONCLPT REQUIREMENTS AND PLIIALTIES CALCULATIONS
CONCEPT	 ^	 j^C[[ S^•Lf:1/5J4BLLr	 INDEX NUMDER
• ELECTRICAL	 POWER REQUIREMENTS
AC	 PO WER DC POWER
USE TIME
	 O2	 O3 DEMNIU	 ( Q DEh1Nr^;
CYCLE	 PEAK	 AVERAGE (CYCLEIIR/	 PEAK
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AVERAGE (CYCLEr-R/
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APPLIANCE COUCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
COIiCEPT Ir.(III.SfC	 C_CE_^ /^}CL.FSf/^^ZJ,S/f^L^ 	 INDEX NUMBER
D2.-118561-3
I	 SPA!ECRA T
T	
Shuttle
HAUITAM LITY SUOSYSILM Housekeeping ^	 HABITABILITY FUNCTION Refuse Management
APPLIANCE FUNCTICH Manual Collection
APPLIANCE CONI CEFT N0./TITLE 3/ti1laste Receptacles/Disposable
'INDEX Mo. 3.2.1.3 	 REF. NO. 170,160
DESCRIPTION The waste receptacles/disposable concept is identical to concept 2
using disposable plastic containers. Plastic liners were not used since the disposable
container provides the means of refuse transport. The disposable plastic collectors
are held to the structure with plastic spring--finger retainers. The spring retainers
are strategically located throughout the vehicles (30 for Space Station; 6 for Shuttle).
The number of plastic collectors were based on the trash volume (2.16 per day for
Space Station; .83 per day for Shuttle) based on .95 FT3/collector. The storage
volume of the containers was based on a stacked configuration, i.e. like paper cup
storage.
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APPLIANCE CONCEPT REQUIRLMENIS AND PENALTIES CALCULATIONS
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS ( CONCLUDED)
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HABITABILITY SUBSYSTEM 3.0 Housekeeninn
HABITABILITY FUNCTION 3.2 Refuse Management
APPLIANCE FUNCTION	 3.2.2 Vacuum Collection
NUMBER OF CONCEPTS CONSIDERED
	 3
ASSUMPTIONS
1. The vacuum collection of refuse utilizes various types of vacuum cleaners.
to assist in cleaning of the vehicles. A central vacuum system was not considered
because sizing of the unit is dependent on the detailed vehicle configuration.
The configuration was not defined well enough to size a representative system
.for trade purposes, therefore only hand field units were considered for the study.
2. The vacuum usage was based on 24.5 minutes per day. This was based on the
following rationale.
(l use/day) 8.5 minutes/day (I hr/week)-eneral cleanup
g(3 uses/day) 6.0 minutes/day (2 min/meal-meal cleanup
(1 use/day) 10.0 minutes/day - emergency cleanup
24.5 minutes per day (.408 hrs/day)
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APPLIANCE
c0C17PT (*)
HO n 	 C O N C E P T N A M E 1- CABIN AIR (CIRCULATED•, LITERS/SEC (FT3/MI!()
2 - CABIN AIR (LOST)	 , KG/HR {LB/HR}
-	 VACUUM CLEANER	 {SETLABI 3 - OXYGEN (LOST)	 KGJHR (LB/HR) ----
_2_ _YACUU M _ CLEANFR ( C O MMERICAL !—  4 - COOLING LATER (CIRCULATED), WHR (LEMR)
3	 VACUUM CLEANER-VENTED TO SPACE 5 - EATER (LOST)	 , KG/l(R (L5 HR) --	 —
6 - NITROGEN (CIRCULATED), KG/HR {LB/HR
7 - NITROGEN (USED)	 . KGJ-R (LB/HRi
a - FRE014 ( CIRCULATED), KGJHR ( LS/HR)
9 - 14ATER (PROCESSED) , KGJHR ( LB/HR)
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(1) AVAILABLE 0-25.
(2) STATE OF THE ART 25-50A
(3) SOME DEVELOPMENT REQUIRED 50-75'.
(4) EXTENSIVE DEV. REQUIRED 75-100%
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CONCEPT NUMBER
Vacimm Refuse Collection (Shuttle)
Concept Trade
B2-372
NUMBER or DAYS u	 20,5 1 ,06 YEARS)
,____USES HOD SUBROUTINE 33
THERMAL PENALTY + DI R ECT TO COOLANT IL8/BTUH) 90250
THER MAL. PEN A LTY_- CAB IN-H E AT_LEAX_^SL B /^^U1il	 -E}5aQ
POWER PENALTY ILBS/WATT) TYPE 1 	 05300
P.OWER_PENALTY _ [ LBSZWATT) _TYP.E__2---.4 !i34II
1
i`	 SELECTION MATRIX	 n • s • VACUUM REFUSE COLLECTIO N {SHUTTLE)
M I N. MAX_ C 0 w C E P Ti
I FACTOR VALUE VALUE PTS 1 2	 3
WEIGHT 1091340 1147954 15 1101 13#98	 900
I _ POwER	 ....00000 - 127920 15_9917.— _r00____15.00	 -	
- -
VOLU M E: .11000 '479000 10 #00 6.20	 7059
` THERMAL_,__.00000 30s03p 157.80 •00.___15#00._
..
RELIAB » Y ,94986 999994 5 900 900	 208 d
—MAIHTENC_.97994-.._..1900000 5...r_- 065 -	 g
S SAFETY 000000 190000 5 5000 5900	 .00
—DEV.00ST_590000 25.000 15-12900-_..^3900 s00-
7 TOTAL PT .00000 859000 85 45988 .2891B	 44923
C_F9-
RATING 400000 100900 100 53998 33916	 52903
i
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S E N 53 T IN I T.y--A NA L.YS
RATING F OR EACH CONCEP T AFTER INCREASING
S LHGLE—SELECT I ON-. P ARAMETER--WEIGK7 . I NG_EACU_QII<.P.L—SQ1
(BASED ON 100 S MAX POINTS)
C a N cT
I	 2	 3
j	 NORMAL,	 5298 33.16-52oU3
If	 WEIGHT	 56.04-36 c2 47.81
—POWER	 54.56.-30.47— 55a92
VOLUME	 5008 34.76 53.56
f	 _.THERMAL-	 53.82--30.47-_.55992--
RELIABwy.	 5203 32.21 52125
_MAINTEN4—.52*43—_32.21--52963
SAFETY	 55,29 35.06 50954
._-.-DEV—cos y 	56sa9 32.09.__,t7i8
C4
SENSITIVI.T.Y_...hN A L —SI5
Lo
RATING FOR EACH CONCEPT AFTER INCREASING
SINGLE SELECTION PARAMETE R WEjGHTING . EkC TDR -
i (BASED ON 100 E HAX POINTS)
1	 2	 3
NORMAL
	
53.96 33.}6 ^52.03
HEIGHT 51,52 27.34 y7*Q7
_
—
POWER 53.28 _ 31,.36_47 +39
VOLUME 57075 31135 50.59
THERMAL, - _
—THER - 54.i7 36.36 — _47.39
55261 34.)6 5l*B0
MAINTENO_ 55.61 3q.L6_5I *40
SAFETY 52ASB^31.13 53.61
DEV COS T 51946 3!f 4 93 57907
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 3.2.2-REFUSE/VACUUM COLLECTION
_	
.D2-•118561,-3
SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Housekeeping	 }HABITABILITY FUNCTION Refuse Management
APPLIANCE FUNCTION Vacuum Collection
APPLIANCE CONCEPT NO. /TITLE I/Portable Vacuum/Electric (Skylab)
'INDEX 1 1 0. 3.2.2.1	 REF, NO , McDac, 297,283
DESCRIPTION The portable vacuum/electric is identical to the vacuum used on Skylab.
The vacuum has a hose and pickup attachments to assist in vacuum pickup. The unit
has a.strap and handle for carrying/using the unit. Vacuum cleaner bags were
assumed to require changing once per week (.142 cycles per day).
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS
	 ./
CONCEPT//
	 {,[ •d/IC(JU/^f^G-`LC,cC el r- (SXY^B^	 II{QtX NUMBER -7 _Zf^^_I_
ELECTRICAL • P 0 W E R	 REsUIREME{ITS
AC	 POWER 0C	 P0W£R
Q
_
O	 DEPTIDUSE TIME 02 6 DEMAND
CYCLE	 PEAK
o	 C(MPONENT	 (REF)	 (HR)	 (WATTS)
AYEP.AGE
	 (CYCLEHR/	 PEAK
(WATTS)
	 Q! x	 (WATTS)
AYERALh:
(WATTS)
(CYLIEIHR/
Qj X a
a
r	 MIMUM TOTAL	 MIMUM TOTAL
THERMAL	 REQUI REMENTS
LATENT	 SENSIBLE
	
HEAT LEAK	 TO COMMIT
4	 SOURCE
	
(BTU/HR)	 (BTU/HR)
	
(BTU/HR)
	
(BTtJ/HR)
'	 ^•	 z ^ z
	
?,6z
TOTAL
m
WATT (BTU/HR)	 WATT (BTU/HR)	 WATT (BTU/HR)
OPERATIONAL . 	PENALTIES
THERMAL
HEAT LEAK
	 TO COOLANT	
ELECTRICAL	 WEIGHT	 VOLUME
SOURCE
	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION)	 (FT3/MI55I0!!)
TOTAL
WATTS/CYCLE	 WATTS/CYCLE	 KG/MISSION	 1i3/mtsfIf.0
(DIU/NR/CYCLE)	 (BTU/HR/CYCLE)
	
(LB/MISSION)	 (FTI/MISSION)
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FIXED	 WEIGNJVOLUME	 REQUIREMEHTS
WEIGHT VOLUME
COMPONENT	 (REF)	 (LBS) (FT3)
}^GLI/J/Yl tJ/1/^	 7GI	 (^ , a(^
„a rTnriA11 .5 	-
TOTAL	
^i e iP J	 30.00 r d^ Z	 r f/
KG (LBS) K3 (FT?)
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3 A	 5
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(PKG.WT/UttIT)(REF)	 Q X22 (PKG.VOL/UNIT)(REF)	 IQ X 4
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L^	 C	 V67S	 1	 -	 Jd _ .D17 o^ rYJ3D^^
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-TOTAL	 YCLE TOTAL 05/-CYLLE
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(FT3)
GAJLIDUID	 EXPENDABLES	 REQUIREMENTS
C3
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
CONCEPT , Meg/f^Rl_Gr C[JUft'l ^^LL-C^f21C ^SfGYUy`QJ
	
INDEX HUMBER.
TOTAL WT.
TAT— C CGE D	 x D YS/Iil$510N X OT L LOST/ YCLE	
(LS)	
}
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SPACECRAFT	 Shuttl e
r	 HABITABILITY SUBSYSTEM Housekeeping
	 HABITABILITY FUNCTIONRefuse Mana ement
APPLIANCE FUNCTION Vacuum Collection
APPLIANCE CONCEPT 140./TITLE 2/Portable Vacuum/Electric (Commercial)
'INDEX NO. 3.2.2.2	 REF. NO. 170
DESCRIPTIOtI The portable vacuum/electric (commercial) concept is the same as
concept 1 except the unit is made of plastic and is a commercial unit operating on
AC pourer. The unit is lighter than the concept 1 version, therefore was presented
for the purposes of trade. The unit would require considerable development and
was penalized for its development cost. The vacuum cleaner bags are identical to
concept 1 and are replaced at the same frequency.
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APPLIANCE CONCEPT REQUIREMENTS ANO PENALTIES CALCULATIONS
CONCEPT	 l7T	 (,^ /fC llV1^>^G L C GllG'JC (^n^r^ilJG-.0 Ulf G^	 INOEx rIUf7BEa
ii
.	
i.:
ELECTRICAL	 POWER	 REgUIREMErITS
AC	 POWER OC	 POWER
Q
USE TIRE	 OP	 G3	 0E	 10 Q	 ® BERARD
CYCLE	 PEAK	 AVERAGE	 (CYCLEHR /
COMPONENT	 ( REF)	 (HR)	 ( WATTS)	 (WATTS)	 QI X^3
PEAK	 AVERAGE
(WATT-11R/
CYCL
a(WATTS)
	 (WATTS) QI X
I3AXIr9U1i	 TOTAL MAXIMUM TOTAL
THERHAI_	 REsUIREMEITTS
LATENT	 SENSIBLE HEAT LEAK TO COOLANT
SOURCE	 (BTU/HR)	 (BTU/HR) (BTU/HR) ( BTU/11R)
L	 TOTAL	 !6O f 0
WATT (BTU/HR)	 WATT (BTU/HR) WATT ( BTU/HR) WATT ( BTU/IIR)
a
OPERATIONAL	 PENALTIES
THERMAL	 ELECTRICAL
HEAT LEAK	 TO COOLANT
WEIGHT VOLUME
SOURCE	 (BTU/HR/CYCLE)	 ( BTU/HR/CYCLE)	 ( PK WATTS/CYCLE) ( LB/MISSION) (FT3 /HISSiON)
• TOTAL
WATTS/CYCL E WATTS/CYCLE KG/MI55i0H M^/t^ISS14'I
(BTU/HR /CYCLE)	 ( BTU/HR/CYCLE) (LB/MISSION) (IT]/MI S51ON1
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
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CONCEPT	 CulJlYJ/^'z^CJrf'/G `rjNy/J7['/,C^ INDEX HUMBER
FI XED	 KE IGHJVOLUME	 REGUIREME11TS
WEIGHT VOLUME
COMPONENT	 (REF)	 (LBS) (FT3)
• .z4J	 ^^^- ^9.^
A95 C-5
TOTAL
KG (LBS) M3 (FT3}
•	 SOLID	 EXPENDABLE
	 WJYOL	 RE D UIR E M ENT
O	 WT/UNIT (REF)
	 WT/CYCLE VOL/UUITT (REF) 	 VOLICYYCLE
(P
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(PKG.Y^FT3)IT)(REF)	 ((FT3T
TYPE	 UNITS/CYCLE(REF)	 (LB)	
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AMT LOST^CYCLE
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SPACECRAFT	 S^4^ti 1 e
11ABITACILITY SUBSYSTE14 Housekeeping 	 HABITABILITY FUPICTIOURefuse Man agement
APPLIANCE: FUNCTION Vacuum Collection
APPLIANICE: COi^CEPT 140./TITLE 3/Portable Vacuum/Space Venting
'INDEX, PLO.	 3.2.2.3	 REF. 140.1022
DESCRIPTION The portable vacuum/space venting concept uses a vacuum unit vented to
space. A maximum 14.7 psi delta pressure is available, however the filter required
will reduce the possible suction at the pickup nozzle. The concept was tried on
Apollo, but did not provide enough suction. Proper design of the hose and pene-
tration in the vehicle shell can make this unit operational. The collection bag
used in concepts 1 and 2 serves as the filter and refuse trap. The flow used
was based on the concept 1; 10 CFM.
	
Venting overboard is allowed, since the
vented gas is filterd and clean.
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APPLIANCE CONCEPT REQUIREMENTS AND PEIIALTIES CALCULATIONS
Y NwCONCEPT
—
u N+/ Si AC.L V^1s ► ^ NCr- INDEX NUMBER
ELECTRICAL
	 POWER	 RERUIR€MENTS
DC POKE RAC	 POWER^(4)_
USEFINE	 (	 Q	 UEt+AyD Q O
	
DEMAND
CYCLE	 PEAK	 AVERAGE	 (CYCLE[IR/
a3
PEAK AVERAGE	 (CYCLENR/
(WATTS)	 QI Xt^CWPONENT	 (REF) (HR)	 (WATTS)	 (WATTS)	 Q X (WATTS)
MAXIMUM	 TOTAL. MAXIMUM TOTAL
' T11	 R H A L	 REq	 1REMENTS
LATENT	 SENSIBLE HEAT LEAK TO COOLANT
SOURCE (BTU/HR)	 (BTU/HR) (BTU/HR) (BTU/HR)
O P E R A I 1 0 11 A L	 P E 11 A L. T I E S
THERMAL
^-	 E	 HEAT LEAK
	 TO COOLAIIT	
ELECTRICAL	 HEIGHT	 VOLUME
SOURCE	 (BTU/HR/CYCLE)
	
(BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/HISSION)	 (FT3/MISSI011)
' 
Ufa
TOTAL
11ATTS/CY{LE	 WATTS/CYCLE	 KG/MISSIDII	 MI/1415SION
..	 (BTU/HR/CYCLE)
	 (DTU/HR/CYCLE)
	 (LB/MISS1011)	 (FT3/MISSIO10
82-383
f	 i
D.2-116561-3
APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
COHCEPT3 ^^Je ^Tl f^ r C1^(JI^jS^S,+^f C(F /1^,'LI^7^GCGl	 INDEX NUMBER —7^
F 	 X E D	 WE I G H y3t OLUME	 RE gU 1 REME1175
WEIGHT YOLUME
COMPONENT
	 (REF)	 (LBS) (FT3}
gq!^U !?? 4&Z/ T	 /7U1
0IcL)-(2	 Ccp-;27,c26w &R5	 /74  CZ^
TOTAL	 3. !? ^'^, U • d ^:S	 (. ^8^
'	 .	 KG (LBS) M3 (FT3)
.	 SOLID	 EX PENDA[iLE	 WLM Q 	 R E gu I;IEM_E11 TS
• WT/U11IT (REF)	 WT/CYCLE
Q)	 (PKG.WT/UNIT)(REF)	 1 x{2^
VOL/UNIT (RE F )	 VOL/CYCLE
(PKG.VOL/UNIT)(REF)
	
11 X 4Q
TYPE	 UHITS/CYCLE(REF)	 (LB)	 (LB) !FT3)	 (FT;)
^,5	 .^^ r o	 rod? _ .ao_o	 moo) e^a_xo^ 7
TOTAL WT/CYCLE 10 A F SOLICYCLE
(LB) (FT'•)
TOTAL WT
;
.
^HISSI	 x	 Za•S	 x	 , 0!7 ^¢
t	
G CLESIDAY	 DAYS/MISSION	 TOT.WT/CYCLE KG	 LB
(LB)
TOTAL VOL =
Mission I Z	 x	 2a,	 x	 a_^ " GZ	 '005)	 !_
DAYS/MISSION	 TOT.VOL/CYCLE -	 MJ	 (FTJ
(FT3)
GAJIIgUID	 EXPE11DABLES	 REQUIREMENTS
'	 a 	 o	 0	 0
AMT•U5EO(LB)LE(REF)
	
RECOVERY	 AMT.RECOVERED/CYCLE	 AMT LDa'i GY{LE
O(LB)	 ^La?TYPE	 FACTOR
OX 2:kg	 /	 _	 . 3.7_	 ___.1 I rt!/.4
	
1,37—
f
	
S	 r TOTAL WT.
s	 HTSSI^^._f
	
x	 D. S• z /31, -^^^ r ^^ ' la 3.7 /^O.S
CYCLE U
	
^YS/M135 Oti	 TOTAL LOST CYCL	 KG L
	
•	 a QA	 (LB)	 (L Q
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HABITABILITY SUBSYSTEM	 3.0 Housekeeping
HABITABILITY FUNCTION	 3.2 Refuse Management
APPLIANCE FUNCTION	 3.2.4 Refuse Processing
NUMBER OF CONCEPTS CONSIDERED - 	 12
ASSUMPTIONS
1. The refuse processing of refuse utilizes, compaction, shredding, incineration,
and decomposition methods for processing. The shredders were combined with other
processing concepts,such as compactorsto increase the efficiency of refuse volume
reduction. Shredders were not considered as a separate method for trash processing
since it actually increases the refuse volume and requires the aid of a compactor
or incinerator for reducing refuse volume.
2. The refuse mix used for the compressible refuse volume is summarized on -the next
page.
3. The incineration and-decomposition concepts 9 through 12 were considered only with
shredders. Reference data indicates shredders are necessary to achieve efficient
performance of these units.
f.
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TABLE
SHUTTLE REFUSE SUMMARY
SPACE SPACE
STATION SHUTTLE STATION SHUTTLE
(LBS) (LBS) (FT3) (FT3)
COMPRESSIBLE
Health & Safety 11.10 1.296 11.59 .372
Crew Quarters 120.62 115.4 128.7 2.39
Food/Drink 566.2 32.93 13.08 .993
Crew Hygiene 171.32 107.58 129.36 2.48
ECS 0 0 0 0
RCS 0 0 0 0
Power 0 0 0 0
Structural Maintenance 21.15 .236 .281 .030
Communications 0 0 0 0
TRASH
	
Data Collection ,25 0 .006 0
COMPRESSIBLE REFUSE TOTAL 890.64 257.44 283.02 6.265
BAGS	 NONCOMPRESSIBLE
Health & Safety 0 0 0 0
Crew Quarters 0 0 -0 0
Food/Drink 0 0 0 0
Crew Hygiene 0 0 0 0
ECS 0 0 0 0
RCS 0 . 0 0 0
Power 0 0 0 0
Structural Maintenance 0 0 0 0
Communications 0 0 0'
NONCOMPRESSIBLE REFUSE TOTAL
_
0 0 .0 0
COMPRESSIBLE
Health & Safety 144.0 10.80 5.14 .386
Crew Quarters 0 0 0 0
Food/Drink 3975.56 314.12 158.37. 12.237
Crew Hygiene 61.42. 2.67 3.64 .095
ECS 36.98 6.95 .57 .43
RCS 1.75 0 .O4 0
Power 0 0 0 O
Structural Maintenance 0 0 0 0
DISPOSAL	 Communications 0 0 0 0
COMPRESSIBLE REFUSE TOTAL 4219.71 334.54 167.76 13.15
BAGS	 NONCOMPRESSIBLE	 - - -
Health & Safety 0 0 0 0
Crew Quarters 0 0 0 0
Food/Drink 0 0 0 0.
Crew Hygiene 11.38 .39 .72 .002
ECS 26.17 0 .14 0
RCS 207.03 0 13.43 0
Power 55.16 0' .730 0
Structural Maintenance 51.25 0 .206 0
Communications 96.998 0 1.82 0
Data Collection 8.31 0 .078 0
r	
_,
NIONCOMPRESSIBLE 456.30 .39 17.12 .002
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SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Refuse HanacTement
APPLIANCE FUNCTION! Refuse Processin
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APPLIANCE CONCEPT NO./TITLE 1/Compactor-Air Pressure
INDEX NO.
	
3.2.4.1
	 REF, No .
 203,123,170,270
DESCRIPTION The compactor-air pressure concept uses air pressure against a piston
for refuse compaction. The compactor is used for dry and moist compactible refuse.
The unit provides a sterilant to the waste to prevent bacterial growth. The refuse
is placed into a waste storage bag in the compactor. The compactor is actuated
and compression of the refuse is accomplished using cabin air pressure of 40 psi.
The piston used for the study was 9 inches square which results in 4000# of com-
paction press+-e. The curve (see next page) from reference 123 shows 30 psi is
more than adequate to attain a 0.2 compression ratio. The uncompressed refuse
volume per day 2.45 FT /day for Space Station and .947 FT /day for Shuttle was
divided by the compactor volume of .47FT 3 to determine the uses per day. Prior to
tying the waste storage bag liner a.sterilant capsule is placed into the bag.
After tying, the capsule is broken releasing the ,sterilant gas.
1.0 ^
!l
'C) o>
rd mG O o'6a
n
c^ -
iV	 D
0.4
N
a
0
0.2 .
Reference 123
I
0	 25	 50	 75	 100	 125	 150	 175
	
200
Farce, pounds
10	 20
Pressure, psi	 Sears Compactor
Figure B2--1. COMPOSITE COMPACTION DATA FOR TRASH MIXURES
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SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Housekeep i ng	 HABITABILITY FUNCTION Refuse Management
APPLIANCE FUNCTION Refuse Processing-
APPLIANCE CONCEPT NO./TITLE- 2/Compactor-Vacuum
*INDEX NO.
	
3.2.4.2	 REF, No. 203,123,170,270
DESCRIPTION The compactor-vacuum concept is identical to concept^I with the
exception that a vacuum is used to apply the compaction pressure. The maximum
pressure available is - 14.7 psi, therefore, using the same size compactor, the
compression ration will be 0.35. The uses per day is the same as concept 1, how-
ever more bags will be used per mission due to the lower compression ratio. Cabin
air is lost each time-the unit • is vented to vacuum. Venting overboard was allowed,
since the cabin air i-s not contaminated.
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APPLIANCE FUNCTION Refuse Processing
APPLIANCE CONCEPT NO./TITLE 3/Compactor-Motor.
'INDEX N0.	 3.2.4.3	 REP.. No. 203,123,170,270;202
DESCRIPTION The compactor-motor concept is identical to concept 1 with the
exception that a motor'is used to apply the compaction pressure. The motor is
a linear. actuator. The compactor actuation and loading was assumed to be identical
to concept 1.
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APPLIANCE FUNCTION	 Refuse Processing
APPLIANCE CONCEPT NO./TITLE, 4/Compactor-Manual
'INDEX H0.
	
3.2.4.4	 REF. NO. 160
DESCRIPTION : The compactor-manual concept is a manually actuated piston refuse
compactor. The manual compactor cannot be the same size as concepts 1 through 3'
because of the creiman physical limitations. The concept requires a large amount
'	 of.grew time because of its smaller size increasesits uses per day. The design
utilizes a piston actuated by a lever which contains a double acting ratchet
mechanism and a pinion gear which drives a gear rack shaft. By an up and down
.pumping action, the piston compacts the refuse. The same waste bag weight and
•	 volume is assumed for this unit since it processed the same volume of refuse as
concepts 1 through 3.
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APPLIANCE FUNCTION	 Refuse Processing
APPLIANCE CONCEPT N0./TITLE' 5/Compactor-Air Pressure w/Sher
I,	 'INDEX HO. 3.2.4.5	 REF, TID.	 203, 123, 170, 210, 202
s
	
	 DESCRIPTION: The compactor-air pressure with shredder is identica^ to concept 1.
with the addition of a shredder. Reference 202 stated that dry'waste can be
compacted more efficiently if previously shredded. Reference 123, see curve at
'	 front of appliance function section, test data does not indicate shredding willf
	
	
accommodate any change in compression ratio since the curve becomes asymptotic to
the force line for this compactor. However, the shredder was added to the air
.pressure compactor for the purpose of comparison. The shredder is a commercial
type used to.shred paper and could with modification handle moist shredable
waste. The units were based on one use for each of 3 meals, .2 scheduled cleanups,
3 spills (unscheduled), and 3 r)iscellaneous for paper, books, etc.. The time per
use was assumed to be 3 minutes. Shredding of solid wastes was not considered
by this concept.
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APPLIANCE CONCEPT NO. /TITLE 6/Compactor-Vacuum w/Shredder
'INDEX NO.
	
3.2.4.6	 REF. N0, 203,123,170, 270, 202
e
DESCRIPTION : The compactor-vacuum with shredder concept is identical to concept
2 with the addition of-the shredder described in concept 5. The compression
ratio was changed from 0.35 to 0.2 based on the increase of compacting efficiency
using a shredder.
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APPLIANCE CONCEPT N0./TITLE 7/C2TRactor-Motor w/Shredder
'INDEX NO.
	
3.2.4.7
	 REF. No. 203, 123, 170,, 270, 202
DESCRIPTION : The compactor-motor w/shredder concept is identical to concept 3
with the addition of the shredder described in concept 5,
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APPLIANCE CONCEPT N0. /TITLE O/Compactor-Manual w/-Shredder
5
'INDEX NO. 3.2.4.8	 REF. hW_ 160, 202
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DESCRIPTION	 The compactor-manual with shredder is identical to concept 4 with
the addition of the shredder described in concept 5.
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ti HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION
---
 Refgsg MAnAggWt
I	
APPLIANCE FUNCTION Refuse Procesning
APPLIANCE CONCEPT NO./TITLE 9/Integrated Vacuum Decomp95itjpn/Sbrgdder
'INDEX NO.	 3.2.4.9	 REF. NO. 100j.250
DESCRIPTION: The integrated vacuum decomposition/shredder concept utilizes
vacuum and high temperature to decompose the refuse materials into gaseous
products which can be exhausted to vacuum. The shredder is required to expose more
refuse area to increase the decomposition efficiency. The chamber requires cool-
down period. The process does not require oxygen; however, requires power to
sustain the chemical process for 21 hours. Two units were assumed based on the
refuse volume and the 12-hour cooldown time required by the unit (one unit can
be used once per day). Incinerable collection bags with a hydrophobic patch
were used to eliminate the maintenance and microbiological problems of filter
replacement, since clogging is not anticipated with collection bags which are
replaced every 24 hours. The residual ash was not considered as a concept
penalty.
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HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Refuse Management
APPLIANCE FUNCTION	 Refuse Processing
APPLIANCE CONCEPT NO./TITLE . 10/Flush Flow Oxygen Incineration/Shredder
'INDEX NO.
	
3.2.4.10	 REF. NO. _100, 250
DESCRIPTION : The flush flow oxygen incineration/shredder concept utilizes a
continuous oxygen flow to the collection chamber for the 12 hours required for
incineration. The refuse is collected/shredded and inserted into the chamber,
sealed in the chamber (no vent to vacuum), heat is applied for a specified time
period. The resulting sterilized/vaporized gas and vapors are exhaust to space.
The valve is left open and -'eat is applied to bring the incineration temperature
to 10000F, while a. controlled flow of oxygen is continuously supplied to the
chamber. The incineration process takes approximately 12 hours with 97 to 99
percent reduction in refuse volume. Twelve hours are allowed for cooldown
requiring two units per vehicle. The collection bags described in concept 9 are
also used for this concept.
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HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Refuse Management
APPLIANCE FUNCTION Refuse Processing
APPLIANCE CONCEPT NO./TITLE ll/Pyrolysis/Batch IncinerationzShredder
INDEX H0.	 3.2.4.11	 REF. NO. 100. 250
DESCRIPTION: The pyrolysis/batch incineration/shredder concept utilizes a
three-step process to minimize oxygen consumables. The shredded refuse is
heated to 250 F and held at this temperature for 30 minutes to ensure sterilization.
The vent valve is then opened and the water is flashed to space as a vapor. The
chamber is then heated to 12000F, with the vacuum valve remaining open, and the
wastes are pyrolytically decomposed (vacuum decomposition) and the gases are
vented to space. At the end of the pyrolysis process, the vent valve is closed,
the chamber is charged with oxygen, and several batch incinerations are performed.
The batch incineration step also reduces the ash residue from 12 to 2 percent of
the total wastes processed. After final venting to space, the chamber cooldown
takes 12 hours. The pyrolysis/batch incineration process is identical to the
schematic shown for concept 10. The pyrolysis/batch incineration takes 12 hours.
The collection bags described in concept 9 are also used for this concept.
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s
APPLIANCE FUNCTION Refuse Processing
APPLIANCE CONCEPT N0./TITLE 12/Wet Oxidization/Shredder
'INDEX NO.	 3.2.4.12	 REF. NO.	 100, 250
DESCRIPTION : The wet oxidization/shredder concept is a moderate temperature,
high pressure catalytic process. The system employs an insulated chamber similar
to the incineration and decomposition concepts. Shredded refuse treatment is
accomplished by charging the , chamber with 500 psla oxygen at ambient -LQrlperature
and applying heat to bring the chamber up to oxidation temperature. The final
pressure and temperature are approximately 1750 psia and 500 0F. The advantage
of the wet oxidation process is the production of water which can be processed
and reused in the spacecraft. The system requires a high pressure oxygen source,
assumed in this study as a compressor. A stirrer would enhance the wet oxidation
process, but was not considered in this study due to lack of engineering data.
Based on two data sources, the process was assumed to take 21 hours, most of
which is cooldown time X102 to 6 hours). The collection bags described in concept
9 are 'also used for this concept.
11^
f
MidN.i.4
^^	 D2=!!8561.3
APPdA1lCE CO4CLPT REQUIF.ER NIS AND P01ALTIES CALCULATIONS'
^.	 CO'iCEPTj2/,W^'^,^,^(y71^^r/O,(/^SfIekDQ^.^
	
^	 INDEX HU"'DCR	 .2. LIZ 	 .
}
E L E C T R I. C ,A L
	
POWER	 R E Q ' l1 [ R E H E N T S
{^	
AC	 POHER OC	 POWER	 _
USE TIME
	 2O	 03	 DEMAND 05	 0 DEIWIO
CYCLE	 PEAK
	
AVERAGE
	 (LYCLENR/ PEAK	 AVERAGE (CYCLEIIR/
b•( REF)C01PONENT	 (H(WATTS)
	 (WATTS)	 QI/R) (WATTS)	 (WAFTS) Q X
gjw
r.	
MAXIMA	 TOTAL MAXIMUM TOTAL
l{
THERMAL	 REQUIREMENTS
.	 LATENT	 SENSIBLE HEAT LEAK TO COOLANT I
SOURCE
	
(BTU/HR)	 MUM) (BTU/FIR) MUM)
r
.3070
1900TOTAL
MATT ( BTU/HR)	 WATT ( BTU/HR) WATT ( BTU/HR) WATT (BTU/HR)
OPERATIONAL,	PEHALTi£S
1 THERWIL	 ELECTRICALHEAT LEAK .	 TO COOLANT WEIGHT VOLUME
SOURCE	 (BTU/HR/CYCLE)	 ( BTU/I;R/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION) (FT3/14ISSION)
TOTAL
~WATTS/CYCLEWATTS/CYCLE KCi/MISSION M^/MISStOH
(BTU/IIR/CYCLE)	 (BTU/HR/CYCLE) (LB/MISSIGII) (TTf/mISSID.Y)
'	 sz-4zs
i	 ^.
COMPONENT	 (REF)
^FGrio^c/ =4C:
.	 Lt - GT wit/ a^'
WEIGHT
(LBS)
1	 2 e. Sio. S
^LUME
TOTAL
1	 I
D2.•I18561-3
APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
CONCEPT	 INDEX NUHBER .7, 2.4, l^
fME	 1l . EIGHJYOLUME	 R EQU S R EMfN TS
243.E 537)	 7-.•1¢ 5.J
•	 KG (LBS)	 N3 (FT3) 
s
n 	 SOL10	 E X P E N 0 A a L E	 HJYOL	 REQUIREMENTS
Q
0	
WT/UNIT©(REF)	 Wt/CYCLE	 YOL/UNg) (REF)	 YAL/C YYELE
TYPE	 UNITS/CYCLE(REF) 
(P%G.61T(LB)T)(REF)	
^(LBQ	 {PKG.Y(FT3^1T
)(REF) 	
l r3^
^QLLEGTl^tC
	
	 ^
—T
037-3
AL NT/CYCLE	 TOTAL OL/ YCL
(LB)	 (FT 3)
TOTAL ,
	 X	 5	 X	 , Z S :4F.7
	
1^_^r'°LJ
CLES/DAY	 DAYS/MISSION	 TOT. /CYCLE	 -	 Kra JLB)-
(LB)
TOTAL VOL
-HIS91ON	 2.	 X zo.5	 X , b 7	 .437	 !.3
S/YCL DAY	 YS/MISSIUN —	 TO OL /CYCLE	 14JZFT r-
(FT3)
.6AE/LIQUID	 EXPENOApLES	 REQUIREMENTS
A?lT.RECtlY ©D/CYCLE 	 AMT L45T CYCLE
	ANT.US£D/CYCLE(REF)	 RECOVERY	 ©X n	 (D-
TYPE	 (LB)
	
FACTOR	 (LB	 {LB
70TAL WT.
` •• •	 ^p .505'	
-	 Ed ^^d^
rip
t	 Lt/DAY	 DAYSIMISSI ON	 La S YCL	 tt6) 	
"Q
	 KG B
B2-429
	 ,
D2,-118561-3
r
HABITABILITY SUBSYSTEM 3.0 Housekeeping
HABITABILITY FUNCTION 	 3.2 Refuse Manaaement
APPLIANCE FUNCTION	 3.2.5 Refuse Disposal
NUMBER OF CONCEPTS CONSIDERED 	 3
ASSUMPTIONS
(1) Refuse disposal includes concepts most likely to be used on near term
spacecraft. The concepts consider vacuum storage, static onboard storage, and
jettison to earth for aerodynamic incineration. Disposal of refuse using rockets
to the sun was not used, since radioactive wastes'were not considered by the
study.
(2) The refuse volume and weight is based on those tabulated in Table d2-6.
(3) The uncompressed volume of trash was used to size all of the concepts.
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 3.2.5-REFUSE DISPOSAL
NUMBER	 OF	 COMPONENTS
COMPONENT TYPE
NUMBER
OF
SAFETY
=^ I` © w CRITICAL^
APPLIANCE TYPE	 N ITETIS1 *M
VACUUM STORAGE/RESTORAGC, 1 1 - - 0
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ar SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION_ Refuse Management
APPLIANCE FUNCTION	 Refuse Disposal
APPLIANCE CONCEPT N0./TITLE 	 1/Vacuum Storage
INDEX NO.	 3.2.5.1	 REF. NO.	 MacDac, 283 297
DESCRIPTION : The vacuum storige concept considered was the same as used for
Skylab. The Skylab airlock was used as the means to deposit refuse into the
vacuum storage tank. The vacuum environment stops bacterial growth in the refuse.
The internal volume of the airlock is 4.3 ft 3 and was used to calculate the cabin
air lost during each airlock refuse disposal cycle. The vacuum container was
assumed to be a 10.4 foot diameter spherical tank fabricated of 6061 aluminum.
The 10.4 foot diameter tank can be accommodated in both the Space Station and
the Shuttle payload bay. Aluminum, 6061, was chosen as a material for the following
reasons: (1) inexpensive, (2) easy to work, and (3) good weldability. The
tank was assumed to be a pressure vessel with a maximum working pressure of
14.7 psi. The number of uses per mission was based on the size of Skylab disposal
and trash bags. The trash bags are fabricated of a material which will retain
water, but will also allow the bag to breath to allow pumpdown of the refuse to
the vacuum pressure of the tank. Operation of the airlock was assumed to be 2
minutes per cycle.
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SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY fUnCTION Refuse Management
APPLIANCE FUNCTION Refuse Disposal
APPLIANCE CONCEPT N0./TITLE 2/Storage Bin/Container
'INDEX No.___ 3.2.5.2	 REF. 140.	 170
DESCRIPTION : The storage bin/container concept employs a locker to store the
refuse. Sterilant capsules were assumed for retarding the bacterial growth.
The refuse was assumed to be collected by bags (Skylab, or equivalent, and
tran • ferred to the storage locker. A concept provides a sterilant capsule for
each bag of refuse stored in the locker. The capsules used for the study were
2.25 grams each with a volume of .33 cubic inches. The walls of the storage
locker were assumed to be aluminum. Sizing of tM locker was based on the
refuse volume including the storage bags.
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SPAUCRAI'T.	 Shuttl e
11AN) AM LITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Refuse Management
ANILIANCC F NCTIOPI	 Refuse Processing
APPLIA'10E CONCEPT CIO./MLE	 3/Solid Propellant Refuse Rocket
INDEX 1-10.	 3.2.5.3	 REF. 140.	 202
Q1-.S .] I'l' I Otl	 The solid propellant refuse rocket concept utilizes a rocket tojettison refuse to earth for aerodynamic incineration. The study assumes the
refusQ is jettisoned from a 300 nautical mile orbit using an incremental
velocity (AV) of 434 feet/second to alter the rockets velocity to cause it to
reenter the earth atmosphere. Atmosphere drag at the 300,000 foot re-entry
altitude chosen for the calculations (reference 202) is of such magnitude as to
cause the trajectory to degenerate rapidly. The equation for a minimum energy
Hohmann transfer ellipse were used for determining the required velocity incre-
ment for reentry. A solid rocket was chosen because a solid rocket is easy to
use and transport, and may be fired with simple electrical circuits. The ability
of, solid propellants to withstand long storage periods at extremes in temperature
and pressure without attention is also a benefit.for this type of application.
The solid rocket in this* application is superior to a liquid racket in total
impulse to total weight ratio primarily because of the greater energy per unit
volume. Therefore, less dead weight structure is required to carry the propellant.
The size . of the rocket was based on the total refuse volume compressed by a
compactor to minimize-the rocket volume. The concept was penalized for a
compactor with a compression ratio of 0.2. (Air Pressure Type).
Waste Rocket
CAM ROLLERS
DENSE METALLIC wAM	 MATING CYLINDRICAL
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 Cam It'.11er to impart
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HsiehrkM
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pool* lottpch handle to "effect" position (nnt shoem). The followirwevents
`	 weer aulomstically_
1. Louse% tube Is rented to space and then hatch opens.
1. Lunch piston In released and roeimt is spin elr • ted. Csbin pressure
provides launch force. Helical groove In launch tube Imparts @pin.
1. Reach Closes.
a	 4. tAfteh tube M vested to esMn and spring retracts faamh pistoe.
Launch Tube for Spin Ejecting Waste Rocket
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HABITABILITY SUBSYSTEM 3. n Housekeeping
0,
HABITABILITY FUNCTION
	
3.3 Garment/Linen Maintenance
APPLIANCE FUNCTION	 3.3.1 Garment/Linen Washing
NUMBER OF CONCEPTS CONSIDERED 10
ASSUMRTIONS
A number of references were found which present data for various clothes washer
and dryer conecpts (Reference 70, 90, 91, 100, 127, 161, 171, 185, 202, 237
and 245). These references were reviewed in detail, and the engineering data
from each examined. It was soon found that much of the data did not agree.
The primary reason for discrepancies was that the data were mostly very sketchy,
without detailed breakdowns to define the data. For example, the clothes
washer weight in one reference would include the agitator tub only, while
another would include peripheral equipment such as water accumulators, pro-
cessing equipment or other miscellaneous items. One reference was found (#90)
which contained all the-concepts found throughout the other reports and pre-
sented the data for each in a consistent manner for direct comparison. There-
fore, it was decided to collect all the clothes washer and dryer data for this
study from Reference 90.	 1
All the clothes washer and dryer engineering data used for Space Station were
used directly for Shuttle also after adjusting for the crew size of 4 men (Space
Station crewman-6 men). With this ground rule, the following assumptions were
made:	 1 •
1. Two clothes washings per day
2. Maximum washer clothes load 1.21 kg (2.67 lb.)
3. Water usage for the automatic concepts was 16.63 kg (36.67 lb.) for washing
and 16.63 kg (36.67 lb.) for rinse
4. Rinse water is temporarily sotred and reused as wash water
5. No water recovery system is available
6. Concepts are penalized for the weight of wash water, 16.63 kg (36.67 lb.)
used each washing
7. Wash/rinse time is one hour
Only the total weight/volume, power, etc. penalties for each concept are included
in the data worksheets. As explained above, these are taken from the Space Station
washer concept data and multiplied by. 4/6. For a detailed breakdown of the penalties,
the Space Station worksheets should be consulted.
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CONCEPT (+r)
w0.	 ,,-, C.0 N . 0 E P_T_..K . A_fl
-E _-_ 1 - CABIN AIR
	 (CIRCULATED). LITERS/SEC (FT3/MIN)_
I	 .- MCCR ANICA L OSCILLATION	 -	 _	 _ - __--
2
3
- 
CABIN AIR	 (LOST)	 .
- 7XYGEN	 LUST)	 ,
KG/HR
KG/HR
( LB/HR)
(LB/HR
2 FLUfOIC AGITATION 4 - COOLVIG WATER	 CIRCULATED), KG/HR (LB/HR
3
3_	 — AGITATIONPISTON	 	 _	
-	
-µ 5 - WATER
	 (LOST) KG/HR (LB/HR) -- OO CYSTIC 	 A ND MuMP AGITATION 6
- NITROGENCIRCULATED), KG/HR (LB/HR
5 DIAPHRAM A CTUATED-ONE-DIRECIf0NA" QUEEZE 7 - NITROGEN
	
USED) KG/HR (LB/HR;
• DIAPHRAN ACTUATED -TWO DIRECTIONAL SQUEEZE 8 : FREON
	 (CIRCULATED). KG/HR (LB/HR) (1D 7-- -WATE R SPR A T AGITATED 9 - WATER	 (PROCESSED) . KG/HR {LB/HR) - —
8 	 - ULTRASONIC
*--_--IWANUAL n ASH604R p 	-. _	 _.^	 __	 _ , ---	 o0 l0	 - PLAIN RECIRCULATION
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C
(+*)AVAILABLE INDICATOR O E.
(1) AVAILABLE 0-255 -
-- (2) STATE OF THE ART 25-50% C1
(3) SOME DEVELOPMENT REQUIRED 50-75%
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 (4) EXTENSIVE DEV. REQUIRED 75-100%
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--APPLIANCE —
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	 C 0 N C E P T N A M— E - -_^-
_ ^._ .... 1 	 MECHANICAL OSCILLATION
	2 	 rLUIDIC AGITATION
	
—....3	 PISTON AGITATION
	
i 9 +	 CYCLIC VA LVE 00 PUMP AGITATION
!r_ •4- 0IAPHRAM A CTUITED - ONE DIRECTIONAL SQUEEZE._
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10 -	 PLAIN RECIRCULATION
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CONCEPT NUMBER
5
Garment /Linen Washing (Shuttle) Concept Trade
s
.x
	
82-448
	 .
NUMBER OF DAYS a	 20.5 t 006 YEARS)
USES 1400 SUBROUTINE 21 _
THERMAL PE NALTY - OI RCCT TO COOLANT Lb	 "I •0250
THERMAL PENALTY w CA9IN-_NEAT.LEAK.____IWBLUMI.-00550
POKER PENALTY (LBS/wAT T ) TYPE 1
	 •5300
POWER PENALTY ILBSJWAT71 —TYPE-.2_ .!1300
-
	_^ --,----- --..--.--	 --	 — - —
r
NATONIX .• GARMENT /L j—kW—wASHIN6 ISMUTTLE)SELECTION
_ MIN-- . M AX - 0. N -C_E r T_....
FACTOR VALUE VALUE PTS 1 2 3 4 v 6 7 3 9 10
HEIGHT 429.10 106601 - 15 1025 -	 1029 005 100 1042 - 1047 ^102S 1.17 11.55 -	 1025 ^T
POWER
 2605"}0 542.19__`_15 I2 08 0 _12 063 __ 7.49 _ 7.49 14027 - 14.27_ - 12068	 _- 000 9.99 - 12.38
VOLUME
T
907000 - 470400 ld
_
7055 7941 100 000 7089 7495 7049 7.20 4003 7049
THERMAL _S4.34S_346*88 15_,,.,^7010,_ :°004 _.6.04  6022 — 7092 -- - 7.92 R 7 0 04 000. 12065 .- 7104
RELIAB-Y 999487 099894 S 3037 1141 3043 3097 3035 3035 3043 000 3.43 3001
MAINTENC •99995 199999 S_ 3 0 30 100 3039 4.11 3 04 3 3043 3+3 4 .78.. 3.40 3.84
—SAFETY 000000 —30000Q 5 — S/0D
—.
5000
__
S00fl
._
_ S100 000
._
.00
T,	 --_
5000 303 50OD
_
5.00
0£V COST 4 00000_ 95.000 I5 3095 59S3_ 079
—..
079 goo-- 000 _ 8068 w.S3_ 7.11 7011
TOTAL PT— 000000 550000 B5 44032 40034
_
26119 27057
u
33029 31+03 9 4 80961 00 0 9 6,570148021 00
1i —RATIMIG 000000
to
 100 SV14 419ML 3481 32044 45003 015017 5760 21.2 e 47024 56072
to W
.,.
	 ...	 _.. _
SENSIT . IVITY - ANALYSIS ._-__
RATING FOR EACH COMtEPT AFTE R INCREASING
SINGLE_ SELECTION . PARAMETER WEIGHTI NG . FACTOR BY SO .f._
r
[BASED ON 100 1 MAX POINTS!
C 0 N C E P 7
l 2	 3	 4	 3 6 7 8 9 i0	 .
NORMAL S2.IM 17.44	 30981	 32944	 45.03 45.17 57060 21#28 67.24 56972 ^-
o 013GM1 '	 - 48059 44030- 28 03 4 29981	 42.15 42.30 S3.61 20.1 8-- 68603 5209 -
POWER 54.83- 50.46-.3Z+36._33+85,_ 49.09 - 49.22 59979 _19.55' 67.19 58.97
g VOLUME- 53.44 4803	 299[0	 30.64	 46.91 47.07 5 8 .54 24.14 65075 57973
THERMAL 51 075 31 a58 : 145.66__47.41	 - 33.17 45.78 56.74  19.55 68.63 55 0 92,
RELIAB-r^ 52•S8 46990 31089	 33.78	 4S.66 45a79 57.92 20.67
-
67.28
_-
57.27
--	 _
^^-
^_------
'F MAINTENC
-
52.54 46910	 31987	 33.86	 45x71 45.84 S7 r90
-- 
21912 67026 57029 -
-- -^€ SAFETY 53.51 -32079 --48.94	 34.37 43975 -43aR7 5 8 982 229S8 68x18 S7 9 9SF
OEV COS T 50#05 46960	 28174	 30.23	 41038 4195Q_- 3 7 963,_,22.54-65.63-55011 60
9nSENSIT I Y I?.1!N-A kySIS
C)
RATING FOR EACH CONCEPT AFTER INCREASING
-'-_ SINGLE _SELECTION PARAMETER WEIGHTI NG FACTOR BY._^50 _5.-.-•--- --, _
IBASEO ON
	
100 1 MAX POINTS$
C O N C E P T
's 1 2	 3	 4	 S 6 7 8 9 10
E NORMAL S2#I1 47#46	 30981	 32. 44	45903 45.17 S7.6O 21 . 2 8 67024 S4972
WEIGHT 96 .39 S 1 6 22	 3307635#S8	 48.47- 48 #S9 62038 -- 22.59 ^66030T61*40
E POKER  48.93 43.87	 2899630975	 40.19 . 40.33_ SS•00 _23.34 _67.31 S9902 , -g VOLUME 50046 15079	 32974	 34946	 42.92 4 3042 56.52 10906 68.93 S5aS8
THERMAL 53.10 47951
	 24.89	 31.57	 44.28 44.43 58.64 2303 4 6SmS9._.57064
_ RELIAB • T S1•68 48.0 ,4 -- 29a67	 31902	 1 14.37 44950 5 7 *27 21992 67920 S6913
MAINTENC 1S[r72 _ 48.89_ 29.69	 30. 9 3	 44932 44 9 45 57 .9 29 21 0 +15 67x22 .. S4911
S A FETY - SOW? 45986	 28972	 3009	 46#90 46053 56932 19090 66.25 55090 .
DEV COST 54064 48.48	 33.28	 35.07	 49#39 49954 57x58 19077 64917 57912
m
APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 3.3.1-GARMENT/LINEN/WASHING
NUMBER	 OF	 COMPONENTS
COMPONENT TYPE W^.
z NU IBER
ac v ^► w Ln=D0 0
d
w
..^
.
ce
v
,..
^
w
= ac
ar w
o w
cJ w OF
ca a o en ca w Cl f- w -I ¢ cs
•-+ J J 92: !- ►+ V +-+ = !•- J J O a SAFETY
ce
aZw a2: w^m ¢WE m:N , xa V =w acsF-V =¢vf J w^ os wox ^arcnCD a w :3. a = o w d -. f-- !- cs !- yr = ^ t,.! w x c^ z CRITICAL.F•^ '^ J J
-	
t.) "d F- a_ QQ w J ul ^-•^ w C7 .J Z CU w
O O d C.] U J d w 0.' J 3 -- .J 3 cc w .4c o- p ^-+ O J C
APPLIANCE TYPE	 NO.
a En m Vn u w
-- T I TE; ^S
Q 2 ®o © o ®^ ®o a ®c
NONDISPOSABLE CLOTHES - - - - - - - - - - - - - - - 0
MECHANICAL OSCILLATION (pg. 21) 2 1 2 2 - 1 1 - 1 4 - - - - - 1
FLUIDIC AGITATION (pg. 24) 5 2 2 2 - 1 - 10 1 7 - - - - - 0
PISTON AGITATION (pg. 27) 2 1 2 2 - 1 - - 1 4 - - - - - 0
CYCLIC VALVE AND PUMP (pg. 29). - 1 2 2 - 1 - - - 3 - - - - - 0
DIAPHRAGM ACTIVATED-ONE - 1 2 - 2 1 - - - 4 1 1 1 - - 3
DIRECTIONAL SQUEEZE (pg. 31)
DIAPHRAGM ACTIVATED-TWO - 1 2 - 2 1 - - - 4 1 1 1 - - 3
DIRECTIONAL SQUEEZE (pg. 24) `
WATER SPRAY AGITATED (pg. 35) 2 1 2 2 - 1 - - 1 4 - - - - - 0
ULTRASONIC WASHER.(pg. 38) 2 1 2 2 - 1 - - - 4 - - - 1 1 1
MANUAL WASHBOARD (pg. 41) 2 1 2. 2 - I - - 4 - - - - - 0
PLAIN RECIRCULATION (pg. 45) 1 1 2 2 - 1 - - 1 3 - -
1-H
- - -
11'
0
1
vN
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W
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SPACECRAFT Shuttle
Garment/Line
HABITABILITY SUBSYSTEM Housekeeping 	 IIABITABILITY FUNCTION Maintenance
APPLIANCE FUNCTION Garment/Linen Washing
APPLIANCE CONCEPT N0./TITLE. 1/Mechanical-Oscillation
INDEX N0.	 3.'3.1.1	 RLF. NQ.	 90
DESCRIPTION
This concept is similar to a conventional washer. A central agitator provides
the washing either by rotational or translational oscillation. A high-speed
rotation extracts wash and rinse water and is used to spin dry the clothes
before final drying.
f
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PPI!ANCE CONCEPT REQUIRENERIS AND PENALTIES CALCULATION$
CO•RCEPT	 ('C_	
4.	
Or	 Aa4 lo ll INDLII NUIJBER	 3 • ^•	 .
Np f.	 ?0	 21,22)
ELECTRICAL	 POWER	 REqu IRE_M_EItTS I
AC	 POWER RC	 P 0 ^_	
r
W E R
Q
fUSE TIME	 Q	 Q	 DFMAND DEMAND
CYCLE	 PEAK	 AVERAGE	 ({YCLEHR / PEAK	 AVERAti- (CYCLfltR/
^I X^j1COMPONENT
	 (REF)	 (HR)	 (WATTS)
	
(WATTS)	 Q % 3) (WATTS)	 (WATTS)
_YDi I Y! I, "	 _^ _. ____•_.
MAXIMUM	 TOTAL MAX Imum TOTAL
THERMAL	 REQUIREMENTS
LATENT	 SENSIBLE HEAT LEAK TO COOLANT
SOURCE
	
(9TU/HR)	 (BTU/HR) (BTU/HR) ( BTU/HR)
//
	 ILVSi ^. Y e n	 S`	
n 
`^4.	 4'
a	 0 3 n ) DTOTAL
WATT (BTU/HR)	 WATT (BTU/i!R) WATT (BTU/HR) WATT (BTU/HR)
OPERATIONAL
	
PENALTIES
AL	 ELECTRICALTHERM	
TO COOLAIITHEAT LEAK
WEIGHT VOLUME
SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION) (FT3/MISSION)
- - a
TOTAL 
WATTS/CYCLE
	 WATTS/CYCLE KG/MISSION M^/HiSSiON
(BTU/IIR/CYCLE)
	 (DTU/I!R/CYCLE)
	 ? (LB/MISSION) (IT'/MISSION)
82-453
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APPLIANCE COKLEPT REQUIREMENTS AND PE`LTIES CALCULATIONS (CONCLUDED)
CONCEPTP^^^ O Sc j 1 a^ i p I} INOEx NUMBER	 ^i •	 1
F I xEn	 N E I G HJyq	 tl ME	 R E QU I R E M E It T S
wEIG11T VOLUME,'
COMPONENT
	
(REF)	 (LOS) (FT3)
IyioS'
t,egil"clt(adipi,--u1,1,`
va I^I,A.
V44 ay-,	 °. p a rofay
P	 ' a n,^„^,
•	 TOTAL	 ^(p (J. ^S	 t I ?^ D. ^j 3	 1. (,
KG (LOS) M3 (FT3)
SOLID
	
EXPENDABLE
	 WJ;fOL	 REGUIREHENTS
7
IT
4
©LE©	 WT/UNIT^(REF)	 WT/CYCLE
(PKG WT/UN1T)(REF)	 QX(D
VOL/UNIT (REF)	 VOL/
(PKG.YOL/UNIT){REF}(l^x(A7
(FT3)	 TFT3yTYPE	 UNITS/CYCLE(REF)	 (LB)	 (L6
r -
	
U !f bUff	 .Dol3_
TOTAL WT/CYCLE TOTAL VOL/CYCLE
(LB) (FT3)
TOTAL WT.
	
04-'`
CYCLES/DAY	 DAYS/MISSION	 TOT.WT/CYCLE KG	 LB
(LB)
TOTAL VOLMI5s10N *	 X	 ^•	 X	 r p C ^^o z^	 ^ • O w^i .3
M3 (-FT) ^'#CYCLES/DAY	 DAYS/MISSION	 OT.(F0TL/ YCLE
•	 GASLI	 UID
	
'
	
EXPENDABLES , 	RE	 UIREMENTS
© /CYCLE	 AMT LOST/CYCLE
AMT.USED/CYCLE(REF)	 RECOVERY
AMT.RECOVEERED
O 
x 
n	 Q _f;'
(LBTYPE	 (LB)	 FACTOR (LB)
wa sh 	 r^ ^^ r	 3'to:'7•	 o' 3L7
insf -	 4 a C	
_ 34r:Z . 36.7	 Q
TOTAL wr.'
r,S-saff-	?	 x	 2v 5	 x-	 3. 6.	 • 1 OS +	 3.	 `	 '71 G ^15 7j9_
KG LA)^`— IETAY	 ^ll0 YS/MISSIONTOTAL -O5^ YLLE"
(LO)
a
`	 82.454
A-ill
it
D2.118561-3
SPACECRAFT	 Shuttle
..	 Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Maintenance
APPLIANCE FUNCTION Garment/Linea Washing
APPLIANCE CONCEPT N0./TITLE 2/Fluidic Agitation
INDEY N0. 3.3:1.2	 REF. NO.	 90
DESCRIPTION
In this concept, water is sprayed through a central -column of stacked fluidic
switches which direct water in alternating directions through jets. A high-
speed rotation extracts wash and rinse water, and is used to spin-dry the
clothes before final drying.
s
3
i
i
e
D2••118561 -3
APPLIANCE CONCEPT REQY[REf1ENTS
CONCEPT F'Itt	 ir 	 n ' lo 4
AND PENALTIES CALCUTATIOHS
INDEX Nukb£R • 2-
_a	 I or
f t -	 €LECTRICI^L	 POWER REQUIREMENTS
A C F 0 W E R	 _ D C	 P O W E R
USE TIME O2 DEXID ^S	 © DEMANDk
CYCLE PEAK AVERAGE	 (CYCLEiR/
(WATTS)	 Q X$
PEAK	 AVERAGE
( WATT- 11R/
COMPONENT
	
(REF)	 (HR) (WATTS) (WATTS)	 (WATTS) Q1 XI
rF
i
J
J
' MAXIMUM TOTAL MAXIMUM TOTAL
THERMAL. REQUIREMENTS
LATENT SENSIBLE HEAT LEAK TO COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
.^ ca^	 4	 ^^f) —
L12-, A
TOTAL ^r 7 9^^	 33^
WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR)
OPERATIONAL	 PENALTIES
HEAT LEAK ,
	THERMAL
TO COOLIUIT	 ELECTRICAL
	
WEIGHT	 VOLUME
^
SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/MISSION)	 (FT3/MISSION)
TOTAL
WATTS/CYCLE	 WATTS/CYCLE
	
KG/MISSION	 M3/MISSION
(BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (LB/MISSION)	 (FT3/MISSION)
B2-a56
l
S
l	 ,
; r FIXED	 WEIG11JVDLUFiE	 REQUIREMENTS
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Val v,F^n
.Piro ^ I o
TOTAL	 5 $. S	 C .. 9^ D•	 8	 2.
KG (LBS) M3 (FT3)
SOLID	 EXPENDABLE	 WyVOL	 REQUIREMENTS
O	 WT/UNIT (REF)	 WT/COLE(PKG.WT(LB,T){REF}	
(L03
VOL/UNIT (REF)	 VOL/CYCLE
(PKG.V(FT3'IT)(REF)	 C7T3^T^TYPE UNITS/CYCLE ( REF)	
T9	 r 1
Cet
OZEd O TOT7iL^L CYCLETOTALaWT/CYCLE
( LB) (FT3)
TOTAL WT. Q
CYCLES/DAY	 DAYS/MISSION	 TOT.WT/CYCLE KG L$
' (LB)
TOTAL VOL
M15SIDN x	 % 0. QDJJ 	 (.C^_s3J_
M4 (FT'CYCLES/DAY
	
DAYS/ MISSION	 TOT.(0L3}YCLE
G A JL I QU I D	 E X P EN DA B L E S	 R E QU I R jtKN T S
•	 O ©D/CYCLE	 AMT LOST^CYCLEAMT.RECOV
AMT.USED/CYCLE(REF)	 RECOVERY Qx	 U_
TYPE
Wks 	 wa Pi-
(LB)	 FACTOR (L$	 (L$
F0 ^3&.?
TOTAL WT.
MSIbN^
'^
x	 x
,;
t
	
-71
KG ZLBCYCLE 0
	
D YS/Ml55IQNOT7rEOST^/CYCL
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APPLIANCE CONCLIIT REQUIREVENTS AND PENALTIES CALCULATIONS (C0'ICLUDED)
CONCEPT; L! Ci
f
 !	 fC l 1 ^l! 	 ra 	 INDEX NUMBER	 ^1 . ! . 021I/
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SPACECRAFT	 Shuttle
Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Maintenance
APPLIANCE FUNCTION Garment/Linen Washing
APPLIANCE CONCEPT NO./TITLE 3/Piston Agitation
INDEX N0.	 3.3.1.3	 REF. NO.	 90
DESCRIPTION
In this concept, two pistons are actuated alternately to pump water back and
forth within the drum. Screens are added to increase turbulence and to con-
tain the clothing within the drum.
Since there is no spin-dry capability, it was assumed, as recommended in
Reference 90, that 0.91 kg (2.0 lbs) of water are left in the clothes over
and above the grater left by the other concepts after spin-dry. Therefore,
a dryer penalty was assumed to handle this added water. For this purpose,
the dryer concept 3.3.2.1 was assumed (forced hot air electric) since it had
already been selected in the past* (Reference 237) to build a prototype clothes
dryer. Since the-dryer penalties were based on removing .302 kg (.667 lb) of
water, and this washer.concept has 0.91 kg (2.0 lb) extra water to be dried,
all the penalties for dryer concept 3.3.2.1 were multiplied by 3 and added to
the penalties for this clothes wash concept. The peak electrical power and
thermal requirements were the maximum for the washer and assumed dryer rather
than the sum of the two.
B2-458
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APPLIANCE CONCEPT RLQUIREMLNtS AND PLNALTTES CALCULATIONS
CONCEPT-h-. 4 t^	 r+ ^C^^fYI INDEX NUMBER	 ... _ . 1. 3
CRe^ 41 gU r,27, zf
ELECTRICAL	 p 0 W E R	 REgIfIfEMERTS
A C	 P 0 W E R
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PEAK	 AVERAGE (CYCLEIIR/
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SOURCE	 (BTU/HR)	 (BTU/HR) (BTU/HR) (BTU/HR)
l!-T
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WATT ( BTU/HR)	 WATT (BTU/HR) WATT ( BTU/HR) WATT ( BTU/HR)
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THERMAL TO 
COOLANT	
ELECTRIL •' LHEAT LEAK
WEIGHT VOLUME
SOURCE
	 (BTU/HR /CYCLE)	 ( BTU/HR/CYCLE)	 (PK WATTS/CYCLE) ( LB/MISSION) ( W /MISSION)
3_	 L€' ` ci rT^r Ctr^7 re
3.. 2	 f	 n,	 :rrZ CcC ^e	
-
^^
r^r L^^ `	 Q ^ u Ba er —
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APPLII04CE CONCEPT REQUIR£MLNTS A'10 PENALTIES CALCULATIONS (CONCLUDED)
CONCEPT
	^Oil INDEX NUMBER
F 	 XE. 0 WE 1 GHJVOLIIME	 RK U I REMENTS
WEIGHT VOLUME
COMPONENT (REF)	 (LBS) 00)
!
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f
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h^115C"^^111'^ r. ` ,
TOTAL	 S'5. 3 (12 2) D..3	 S	 (f 2. 3'
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4	 5
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•
._.
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CYCLES/DAY DAY /MISSION	 TOT.WT/CYCLE KG	 L6)
TOTAL VOL
M15SIO7N	 X X ^• ^D IS	 s^
CYCLES/OAY DAYS/MISS ON	 TOT.VOL/CYCLE H	 FT7
•(FT3)
f
G AJL I QIf i p	 EX P E N DA BL E S	 R E DU I R E M EN T S
OV	 AMT.RECOV R D/CYCLE	 AMT LOSQCYCLE
	
AMT.USED/CYCLE(REF) 	 RECOVERY	 O X n	 O _y
TYPE	 (LB)	 FACTOR	 (LB	 (LB
^yr OL SL - u, ix to r
Rinse u, a4 er T
	
o	 ^. 3	 ^0 36.2
TOTAL NT. 7l ^,-5 dM15SIbH	 X	 X	 +	 [[
^^DAY	 R"K/AM3 10N	 KGfi^JT7^La05 CYCL>	
{Li!)	
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SPACECRAFT	 Shuttle
Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Maintenance
APPLIANCE FUNCTION Garment/Linen Washing
APPLIANCE CONCEPT NO./TITLE 4/Cyclic Valve and Pump
INDEX No .	 3.3.1.4	 REF. NO.	 90
DESCRIPTION
This -concept is identical in operation to #3 (Piston, Agitation), except that
the water pumping is accomplished by a pump and cyclic valve rather than opposing
pistons. Screens are included to contain the clothing within the drum as well as
to increase turbulence.
Nospin-dry capability was assumed, just as in concept #3, and again 0.91 kg
t2 . 0 lb) additional water was assumed to require drying. This was handled in
the same manner as was explained in concept #3; thus, all the penalties for dryer
concept #3.3.2.1 were multiplied by 3 and added to the penalties for this clothes
washer concept.
502--118561-3
APPLIANCE CONCEPT REQUIREMENTS ACID PENALTIES CALCULATIONS
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OPERATIONAL	 PENALTIES
THERMAL
HEAT LEAK 
*
TO COOLANT ELECTRICAL
WEIGHT VOLUME
SOURCE	 (BTU/NR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) OMISSION) (FT3/KISS101i)
4; 	 c a	 Lj er CnkiCe pl
r-^	
n 
1	
Zl_
1
°
alkeYYtak	 c(I M C
 
-pis,
TOTAL	 ) ^`^, ^i 350. 14	 Ac _ 73 b o) 1.00
WATTS/CYCLE WATTS/CYCLE 1,	 ^t454 1C KG/MISSION MI/MISSION(UTU/HR/CYCLE) (UTU/HR/CYCLE) (LIS/MISSION) (ITS/MISSION)
62-462
-:1
TOTAL	 1	 ^^`^ D• 3 f 2 •^^^'
KG (LBS)	 ♦ M3 (FT3)
SOLID	 EXPENDABLE	 WT/V0L	 REQUIREMENTS
WT/UNIT ((REF)	 WT/CYCLE© VOL MNIT (REF)	 YOL/ y LE
{ p KG . WT^^g^T}(REF)	 01 
EO
(PKG.V(FT3)1T)(REF)	 QY3TYPE UNITS/CYCLE ( REf)
F
O TOTAL- T%CYCLE
/ --3
LETOTAL VOL/CYC
(LB) (FT3)
TOTAL WT. o
F11;SIOIL  X	 x c^. r^^-	 C1 +^_
CYCLES/DAY	 DAYS/MI55EON—	 TOT.WT/CYCLE KG (0)
(LB)
TOTAL 'VOL n
-Mlssl0- X	 x 6). ow	 .05
CYCLES%DAY	 DAYS/MISSEON	 TOT	 GL/CYCLE M4	 FT
'(FT3}
G A JL I Qt! I D	 E%P E N DA B L E S	 R E QU I R E FI EN T S
d	 O AMT.RECOV^O/CYCLE	 AMT LOSTJCYCLE
AMT.USED/CYCLE (REF) 	 RECOVERY U x^
TYPE	 (LB)	 FACTOR (LB)	 (LB
`.	 I
V`^	 <11	 ^41ff ^^r  '
O _ 75, 1	 -- O	 . 3 ZI
TOTAL
s
1 s 5TO rM x	 X	
• i	 n 	 716	
1	 v
c4O[.E7U1T-	DAYS–/Ki- 5104	 `^77CL 105I	 YCL U ( U)	 a
(L 0	 (LB)	 (x (^
I
B2-463
l
i
r
D2••11856^ -3
I	
APPLIANCE CONCEIT RE { UIW14 TS k10 PENALTIES CALCULATIONS ( LINCLUDED)
CONCEPT C^^/CfIC
-m
 
P4 Lk1,6P '	 INDEX NUMEER ^,. ^.	 T
t
^ r	
F I X E D	 W E I G II T/V , OLU M E	 R E q  I RE M E N T S
	
•	 ti
	
WEIGHT
	
VOLUME
COMPONENT	 (REF)	 (LOS)
	
(FT))
D2-1!856! - 3'
SPACECRAFT	 Shuttle
Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Maintenance
APPLIANCE FUNCTION	 Garment/Linen Washing
APPLIANCE CONCEPT NO./TITLE
	
5/Diaphragm Actuated - One Directional Squeeze
INDEX NO.	 3.3.1.5	 REF. NO.	 90
DESCRIPTION
This concept utilizes compressible diaphragms, operated by pressurized nitrogen,
to alternately squeeze and soak the clothes. Wash and rinse water are removed
at the end of each cycle by simultaneously pressurizing both diaphragms. This
concept has been shown to be feasible, but its cleaning effectiveness remains
to be proven by further testing.
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SPACECRAFT	 Shuttle
Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Maintenance
APPLIANCE FUNCTION Garment/Linen Washing
APPLIANCE CONCEPT NO./TITLE 6/Diaphragm Actuated'- Two Directional Squeeze
INDEX Ito.	 3.J.1.6	 REF. NO.	 90
DESCRIPTION
This concept is similar to concept #5 except that the clothes are stored in
two tanks. Pressurized diaphragms are again used to alternately squeeze and
soak the clothes. As in concept #5, cleaning effectiveness remains to be
proven by further testing.
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SPACECRAFT	 Shuttle
{	 Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Maintenance
APPLIANCE FUNCTION Garment/Linen Washing
APPLIANCE CONCEPT N0./TITLE 7/Water Spray Agitation
INDEX NO. 3.3.1•.7	 REF. N.O.	 90
DESCRIPTION
In this concept, a high velocity jet of water is sprayed into a wire mesh
drum from the outer circumference. The drum is slowly rotated to allow
continuous removal of the water. A high speed.spin cycle is used to remove
the excess water after washing and rinsing.
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SPACECRAFT	 Shuttle
Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping	 HABITABILITY FUNCTION Maintenance
APPLIANCE FUNCTION Garment/Linen Washing
APPLIANCE CONCEPT NO./TITLE 8/Ultrasonic
INDEX Igo.	 3.3• 1.8	 REF, NO.
	
90
DESCRIPTION
In this concept, ultrasonic energy is used to wash the clothes. A damping factor
of 2 was assumed, which probably results in a gross underestimate of the actual
electrical power required. The amount of water required was assumed to be the
same as for the other washing concepts.
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SPACECRAFT Shuttle
Garment/Linen
a.	 HABITABILITY SUBSYSTEM Housekeeping 	 HABITABILITY FUNCTION Maintenance
APPLIANCE FUNCTION Garment /Linen Washing
APPLIANCE CONCEPT N0 ./TITLE 9/Manual Washboard
INDEX NO.
	
3.3.1.9	 REF. NO.	 90
DESCRIPTION
Due to the large amount of crew time required to manually wash clothes, this
concept was not felt to be practical. However, it was included for comparison
purposes with the automatic concepts. A zippered, Teflon bag is used to contain
the clothes and water. The crewman manipulates the bag to achieve washing,
and squeezes it to rinse and remove excess water. It was ^ sumed that only
3.02 kg (6.67 lb) of wash and 3.02 kg (6.67 lb) of rinse water are required.
It was estimated 0.60 kg (1.33 lb) of water will be left in the clothes after
final rinsing, over and above the amount left by the other concepts. This
water is treated in the same manner as for concept #4; that is, the penalties for
clothes dryer concept #1 were multiplied by 2 and added to the penalties for
this clothes was ing concept.
t
B2-476
D2.418561-3
APPLIANCE CONCEPT REQUIREMLNTS AND PENALTIES CALCULATIONS 	
'7 r^ } f
CONCEPT A40	 ILLT l	 INDEX NUMBER
E L
.
E C T R I_C AL. P 0 W ER R E Qli I R E_M E H T S
~0 AC	 P0W.ER 0C	 P0WER_
[}
USE TIt9E Q Q3
_{d}_
DA)0 UG DEKM40r
COMPONENT	 (REF)
CYCLE
(HR)
PEAK
(WATTS)
AVERAGE
(WATTS)
(CYCLE'lIR/
Q X(37
PEAK
(WATTS)
AVERAGE
(WATTS)
(CY`L{HR/
(1 XE^
so
MAXIMUM TOTAL MAXIMUM TOTAL#
THERMAL REgU1RE!ENTS
-	 LATENT SENSIBLE HEAT LEAK TO COOLANT
(BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)SOURCE
t-'-
TOTAL Q f 7 	 5"7, G	 ^: D
WATT (BTU/HR) WATT (BTU/HR) WATT	 (BTU/11R) WATT	 (BTU/ItR)
OPERATIONAL
	
PENALTIES
THERMAL 70 COOLANTHEAT LEAK
ELECTRICAL WEIGHT VOLUME
SOURCE (BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/MISSION) (FT3/MISSION)
2 thuc5 JrVcr cpn
!m
il
ns5f13rcc
1r^	 (- „^ ^ v	 L C 11	 C p^ S
— ^._.-.
Yj
TOTAL i}2 2	 ^P C ^o AC `t_	 ?^ !l O. 	 F
WATTS/CYCLE WATTS/CYCLE
3^ 3
KG/MISSION M}/MISSION
(BTU/HR/CYCLE) (BTU/I%R/CYCLE) (LB/MISSION) (TT3/mIS514Y)
B2-477
f
I	 r
It	
1	
^
,'	
!
t F
F	 R	 l	 i 1	 I
D2-118561.3
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^-	 HABITABILITY SUBSYSTE14 Housekeeping	 HAQITAHILITY FUNCTION Maintenance
R
APPLIANCE FUNCT?0!1 Garment/ Linen Washing
APPLIANCE CONCEPT NO./TITLE 10/ Plain Recirculation
IHOEX No. 3.3.1.10	 REF. NO.
	
90
DESCRIPTION
In this concept, water is simply recirculated through the clothes washing
tub, with no means to vigorously agitate the water. Cleaning effectiveness
is, therefore, relatively poor, and its adequacy would have to be proven
by further testing. A spin dry cycle is used to remove the excess water
after washing and rinsing.
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ar '
AC	 POWER OC_P0WIR.____
y	 DEMAND -USE TIME O (5) Cb} UEMA 0
COMPONENT
CYCLE PEAK	 AVERAGE	
(WATI
PEAK AVERAGE ( CYCLCIIR/
(REF) (HR) (WATTS)
	
(WATTS)
	 01 x	 j (WATTS) (WATTS) 01 X
MAXIMUM	 TOTAL MAXIMUM TOTAL
t
THERMAL	 REgLIIREMEN15
•	 LATENT	 SENSIBLE
^SOU;r",	(BTU/HR)	 (BTU/HR)
Me^-nY
HEAT LEAK	 TO COOLANT
(BTU/HR)	 (BTU/HR)
TOTAL
	
0	 q 97 _(33 1,	 7 ^ I C ?. y' '	 D
WATT (BTU/HR)	 WATT (BTU/HR)
	 WATT (BTU/HR)	 WATT (BTU/HR)
OPERATIONAL	 PENALTIES
HEAT LEAK
	
THERMAL TO COOLANT ELECTRICAL	 WEIGHT
	 VOLUME
SOURCE	 ( BTU/IIR/CYCLE)
	
(BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/N,ISSTON)	 (FTC/MISSION)
TOTAL
WATTS/CYCLE	 WATTS/CYCLE	 KG/MISSION	 MI/MISSION
(BTt►/HR/CYCLE)	 (BTU/Ilk/CYCLE) 	 (LB/MISSION)	 (FTi/MISSION)
D
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APPLIANCE CU'tCEPT REW REMNTS ldJD PENALTIES CALCULATIONS (CO'iCLUDED)
CONCEPT T 1 '[i
	 Y v- 	 Ct In4 1 al)	 INDEX HUMBER 7.
^ r	 FI.XE- D 	 WE 1 . 6NTYOLUMC	 RE	 U 1 REltENTS
_	 /_ ._ ..._ _ _	 Q -.	 _	 ._ _	 I
WEIGHT VOLUME
COMPONENT (REF)	 (LOS) (FT3)
f
C"SJ-L^;l
TOTAL	 !P p •	 ^'	 J p .	 Z, ^_^ ^9^
KG (LBS) M3	 (FT3)
S 0 L I D
	
Ex P E N 0 A 8 L E
	
WT/V0L	 R iQUIREM_ERTS
-	 -O	 WT/UNIT (REF)	 WT/CYCLE VOL/UNIT
	
(REF)
	
VOL/CYCLE
(PKG.IdT{^SIT)[REF) 	 Q1 
LBQUNITS/CYCLE(REF) (tKG.VOFTU:}!T} (HE F)	 TFTI?'•_TYPE
ul
--	
Q -
--^` OTOTn 1JT% YCLE TOTAL VOL /CYCLE
(LB) (FT')
TOTAL WT.
MISSlO?i x	 x_ o. 5's^_	 •
CYCLES^DAY UAYS/MISSIDN	 TOT.WT/CYCLE KG	 LB)
(LB}
ToTnL vat ,
- MISSION x	 x	 _
--C $3^D. Ct^15	
;3—-6CYCLES/UAY	 DAYS/M15flTCT,VOL/ CYCEE  14	 F}
(FT3)
GAS/LIgUID	 E%PEN DABLES	 REguIREMENTS
©	
©D
/CYCLE	 AMT LOSUCYCLE
AMT.USED/CYCLE(REF) 	 RECOVERY
AMT.RECOV
Q XQ)
	
G)-ay
TYPE (LB)	 FACTOR (LB)	 (L
	
r4	 73. !,
TOTAL WT.
9155loi
	
_ x	 x	 t
CYCL^UAY	 ^17CYS%Mi5510N MTQ OS^CYCLE	 (LB)
r
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HABITABILITY SUBSYSTEM	 3.0 Housekeeping
HABITABILITY FUNCTION 	 3.3 Garment/Linen Maintenance
APPLIANCE FUNCTION 3.3.2 Garment/Linen Drying
NUMBER OF CONCEPTS CONSIDERED 9
ASSUMPTIONS
A number of references were found which present data for various clothes
washer and dryer concepts (References 70, 90, 91, 100, 127, 161, 171, 185,
202, 237 and 245). These references were reviewed in detail, and the
engineering data from each examined. It was soon found that much of the
data did not agree. The primary reason for discrepancies was that the data
were mostly very sketchy, without detailed breakdowns to define the data.
For example, the clothes dryer weight in one reference would include the
tub only, while another would incluCc reripheral equipment such as heat
exchanger, water separator, or other miscellaneous items. One reference
was found (Ref. 90) which contained o,':! the concepts found throughout the
other reports and presented the data fnr Each in a consistent manner for
direct comparison. Therefore, it was ^F•,. ded to collect all the clothes
washer and dryer data for this study from Reference 90.
All the clothes dryer engineering data used for Space Station were used
directly for Shuttle also after adjusting for a crew size of 4 men (Space
Station crew was 6 men). Therefore, only the total values for each penalty
are shown in the following data sheets. Each penalty is 4/6 times the
correspondi ►ig Space Station penalty. For an itemized breakdown of the
various penalties, the Space Station data sheets in Appendix C should be
consulted.
Two clothes washings/dryings per day were assumed. For most concepts, the
drying time can be varied by sizing the hardware; e.g., one could choose a
large heater for fast drying, or a smaller heater for slower drying. Based
on the recommendation of Reference 237, a drying time of 4 hours was ass;^ried
for these cases. The dryer was assumed to remove 0.302 kg (0.67 lb) of
residual water from the clothes according to Reference 90. More testing is
required to refine this assumption; however, data from Reference 202 indicate
this amount of water may be too high. Where applicable, ambient conditions
are assumed to be 760 mm Hg (14.7 psia), 21.1 0C (700F) and 50 percent relative
humidity. Wherever a component is connected directly to the cabin cooling
circuit, it is assumed 85 percent of the ener gy transferred goes to the
cooling circuit and 15 percent is heat leak to the cabin atmosphere.
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APPLIANCE ___ -
-. CONCEPT
(;} w -YD. C O.N C E P . T- _.NA N E_____ - --	 __^_^_ 1 - CABIN AIR	 (CIRCULATED), LITERS/SEC (FT3/M1T1)
-^
E	 •_ FORCED NOT A1R«ELF[TRtC
2 - CA13IN AIR 	 (LOST)	 , KG/HR	 (LB/HR)
3 - OXYGEN	 LOST)	 KG/HP.	 LB/HR, _ 
M 
A
2	 • FORCED MOT AIR-MEAT FROV TwER NAL STORAGE UNIT 4 - COOLING WATER
	
CIRCULATED), KG/HR	 #LB/HR^ y3	 . TORCED CCLO DRY AIR_D1SrCCANTjVACVU# REGENERASLEI _.
-	 S - WATER	 (LOST)	 KG/HR	 (LB/HR)
N FORCED COLD DRY AIR+DISICCANTIELECTRIC NEAT RE`ENERADLEI 6 -NITROGEN	 (CIRCULATED), KG/HR(LB/HR}
•	 .
yAC UUM_DRY	 _ .- _..
THER MAL VACUUN ORY.ELECTRIC NEAT
7 - NITROGEN	 (USED)	 , KG/HR	 LB/HR
B -
	
( CIRCULATED), KG/HR	 (L8/HR) 1O ._.^F__•- _ - TNER"AL VACUUN DRT
- TMERMAL _ STDRAGE/RADIANT NEAT_.__--.
WATER
4 - WATER	 (PROCESSED) . KG/HR	 (L8/HR} ----	
^
CLOTHES LINE •F,DR[ED CONVECTION
f -*_CLOTHES _LINE*FORCED. . CONVECTIGN•CLCCTRIC _HEAT--O
(—)COST
O
^ (-)AVAILABLE	 INDICATOR
(1) AVAILABLE	 0-25%
(2) STATE OF THE ART	 25-5D% d--	 -	 -
(3) SOME DEVELOPMENT REQUIRED	 50-75.
(4) EXTENSIVE DEV. REQUIRED
	 75-100x
	 -	 - --
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APPLIANCE.—
CONCEPT
.NO •....r— CONCEPT 
_ N A M E__
i	 fORCEO NOT AIR-ELECTRIC
2 w	 FORCED HOT AIR-HEAT FROw TWERHAL STORAGE UNIT
3_ , _w_, _ FORCED CO L D DRY AI R ^ D IS}CCA NT IVACUUH REGE NERARLEI4	 _
+	 FORCED COLD GRY AI R•DISICCA NT IELE CTa IC NE AT REGENERASLEI
S_+__.V ACUV H DRY♦ 	 TMERMAL VACUUM ORY.ELECTRIC HEAT
__.--.THER M AL VACUUM DR Y -THERMAL
-
STORAGE/RADIANT HEAT
S +
	
CLOTHES LINE •FORCED CONvECYION
CLOTHES LINE"FORCED CONVECTION#ELECTRIC.HE nT-__
{N
'	 al9
t
i
r
C
1
;t
^	 s•a
1
^y
i
•
S
i
r
i
y
i	 20
r
^L
^	 't	 •	 1	 1 O 	 17.
••Li 1..
CONCEPT NUMBER
Garment/Linen Drying (Shuttle) Concept Trade
B2-485
..u,
NUM BER OF DAIS •	 20.5 j 906 - TEARS}_
USES MOD SUBROUTINE 22
	
-
THERMAL PENALTY + DIRECT TO COOLA,NT_tLB/BTUM . 1 90250
THERMAL PENALTY - CABIN HEAT LEAK	 ILB/BTi1H1 013550
P00ER_ P E NALTY -_ILBSI*ATT1__-TYPE-1	 25309
POWER PENALTY iLBS/wATT1 TYPE 2
	
.4300
^LELLLQH ClIITR ^ . X • • ^•	 •	 GARM__^Nr!.{^IHEl^1^}IiY . INSi_i^H^^Tl E}
101/25/7S1
MIN MAX L 0 N C E P T
-FACTOR	 VALUE .YALUE____?TS 1- 2 3	 _._.r.4
_5- 6 7_. _8 9
T_ 11E1GHT - __. 26' 700-- 120 0 00. . 15__._- .8 . 37- 000 5. 31 --_8' 62_._.. - 7 . 62 __. be 37 _ 5. 12 -._10. 84 -11 . 66
P9*ER 2.4910 90.370 l5 800 9.55 6 4 97 2916 11.77 7.49 tier? -14.59 2.62
VOLUME - 5.4000-, 93000 . 1O- 8. 7 5 -_ BOB - 8.54 -_e.72 _. 9. 442 _ 9.36 - 9.25 ...	 e60 _.-
	 600
., THERMAL •00000 37.54 0 15' 5.19 900 10.23 8.23 15.00 44.34 14.34 {2.64 2906
RELIAB-Y_999591 n 99958
_5._•68 •83; _	 .84 ____ • 49 44 n 48 -4s14r _ 4 n 3 q 000 -2029
r , MA{NTENC .99991 1400000 S 920 .27 .39 .00 4.33 4.17 41.25 2.87 2.71
____._SAFETY 900000 3.0004 .51967-_Le67__3,33._1e67 •QO-__•00__.00-. 5500-3033. Q
. DEY
	
COST 5.0000 708000 ZS 8.57 1507 2,14 2.14 8.57 7.50 909 13.93 12.56 NTQTAL PT- • O g 0II0 .859000 85- 3 . 42-2L •77_3 7 @75_.__32 . 05-6lo2Q-S3*3 7_S9o03 -60.52
- 37.53 -'^
N RAT_NG	 •09009 l00!OQ 1411	 39.32 - . 25962 ±4 4 x42 37174 ..7ZiQp 62 !77.66 _71.20 444.16 J
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SENSITIVITY-ANALYSIS
RAT]N Ci. F OR-EACM. CONCE P T _ AFTER _INCREASING
SINGLE SELEC T I O N PARAMETER WE14H(3NG FACTOR BY 50 S __--
---	 - ----._(BASED	 ON	 100 - S	 MAX	 POINTS)-------	 ---- _^^.--
1.
-I-	 --- - 3	 --	 y	 5..	 6 .1 8 9--
NORMAL--_39932 ._ 25962 -44.42	 37.70	 y2.Ot1	 62.79 57.68 -.71.21) -44916--
WEIGHT 40.66 23.54	 43.68 - _3 9 .31 -70s28 ­63#1 40 _ 55.77 . _ . 71.28 ... 96.88 -
POVER 36.13 28470	 44.58	 35.82	 72.52	 61.75 59.37 73.31 41 n 99
VdLUME. 41999.- 28.B5-4dr70..._4Dr'16-7]+23,^b4.50__59.61^67'•58 -91.70
-. THERMAL 3804 23.54 .	46935	 39.10	 74.27	 65.45 60.75 72.29 41969 h1^
^_ REL IAEwY 38958 -- 2 5 .3 6 -- 4 3.63-36.91-
	
7 2.50-- 6 3.36- 58,99 --69.16--44.21
MAINTENC 38931 25.04	 43.37	 36963	 72.42	 6 3.3 8 58.46 70981 44.94 +
1r. ,_S A FETY - -39.15 _,25984---45.D5 --.37.58._ 	 69999_.-60%99- 56.03._--.72.02-
D£Y COST 40.76 24x12	 41.97	 35989	 70. 7 9	 61.75 53.00 72.95 47953
SENSITIVITY	 ANALYSIS ► 	 - _-
co
-x - RATING FOR EACH CONCEPT
	
AFTER	 INCREASI N G .__ r^-
SINGLE SELECTI ON PARAMETER WEIGHTING FAC TOR BY +50 i J"
__ ^_-----_-- _--	 -	 -__ -.-- - (BASED	 ON	 100 -%	 MAX	 POINTS).--_--
C O N C E P T
-
-	 1 -_	 2	 3	 ---	 4	 ----	 S	 --	 .6	 - - ---	 7
- NORMAL ­-39932 , 25.62	 44.42	 3700	 72+001 - 62. 79 57.68 - 71920 44.16
wE1GMT. 37.72_ 2 8. 0 4 _ 4S•I9 _35.79- 74.0 5 - 6 4.75	 _59,96 - 71.10_ - 409 9 0 r
POWER 43912 21 .94	 44.22	 379 9 5	 7 1 . 3 7	 (4903 - 55.67 69.68 46.74
_	
-
_____YOLU M£ 36.31 _ 2108 ., 41 985 __ 34.6I-70.61-. 60.86 55.50. _ 75.27 _'16.92
THERMAL 39.78 28.09	 42.11
	
36.04	 69.2 9	59.61 59901 69.90 47.10
._ RE1.1 AO-Y_- 409 10 _	 2 5. 8 9 - 45.26__ 38.55____7 ) 947- 62.18 _ $6.82 73+36 __44.10 -	 -
MAINTENC 40. 39 26.23	 45952	 38.85	 71.5 5	62.16 56.85 71.61 43.85
-	 SAFETY. 34950-25@3g _,_..43%7.4_,"_37.8 474 P 1 8 	6y•6 g S	 . 43 70 .33!13.47 -_	
--OEV COST 37.59 27990	 47.33
	 3907	 73%4 4	64903 63926 69910 40.13
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 3.3.2-GARMENT/LINEN DRYING
NUMBER OF	 COMPONENTS
COMPONENT TYPE
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APPLIANCE TYPE
	 N0.
FORCED HOT AIR-ELECTRIC (pg. 51) 1 1 1 1 1 1 1 1 1 - - - 2
FORCED HOT AIR-HEAT FROM THERMAL 1 1 1 1 - 1 1 1 1 1 - - 2
STORAGE UNIT ( ^g.	 55)
FORCED COLD DRY AIR-€IESICCANT- 1 1 - - - I 1 1 1 - 2 1 1
VACUUM REGENERABLE (pg. 58)
FORCED COLD DRY AIR-DESICCANT I 1 1 1 1 1{ 1 1 1 - '_ 1 2
ELECTRIC HEAT REGENERATION
(pg.	 61)
VACUUM DRY (pg. 64) - 1 - - - - - - I - 1 - 3
THERMAL VACUUM DRY-ELECTRIC - 1 - - 1 - - -. 1 - I - 3
HEAT	 (pg. 65)
THERMAL/VACUUM DRr-';NERMAL - 1 - - - - - - 1 I 1 - 3
STORAGE/RADIANT HEAT ( pg. 68)
CLOTHES LINE- FORCED CONVECTION - - 1 1 - 1 - - _ _ _ - p
(pg..	 72)
CLOTHES LINE - FORCED CONVECTION - _ 1 1 1 1 - - - - - - 1
+ ELECTRIC HEAT ( pg.	 74)
.f
AIR OUT
LECTRICAL HEATING ELEMENT
AIR IN
Q2-J18561-3
SPACECRAFT
	
Shuttle
Garment/Linen
HABITABILITY SUBSYSTEI-111ousekee2ing 	 HABITABILITY FUNCTION Maintenance
APPLIANCE rUNCTION_ Garment/Linen Dryin^___
APPLIANCE CONCEPT N0./TITLE	 1/Forced Hot Air - Electric
INDEX NO.
	
3.3.2.1	 REF. NO.
	
90
DESCRIPTION
In this concept, a jet of air spray at fiO°C (140 0F) is directed into the
clothes from outside the drum. The clothes are contained in a wire mesh
drum which is rotated slowly in a direction counter to the air inlet. A
prototype clothes dryer using this concept is described in Reference 237.
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APPLIANCE CONCEPT REQUIRLMLNTS A04D PENALTIES CALCULATIONS
CONCEPT	 n	 c [	 T-	 - e !2 c	 r^i c	 INDEX NU",	 ,i BER
ELECTRICAL P 0 W E R	 REQUIREMENTS
A C
	
P O W E R D C P 0 W E R_
DEMl^OUSECIME_ @	 ( DEr	 O ( @
CYCLE PEAK	 AVERAGE {[YG^EHR
/ PEAK AVERAGE
(WATT-HR/'
YCL
0 X(DCOMPONENT	 (REF)	 (HR) (WATTS)	 (WATTS) (D X (WATTS) (WATTS)
_f u11
Hr n4 c1
MAXIMUM TOTAL MAXIMUM TOTAL
THERMAL REsUIREMENTS
• LATENT SENSIBLE HEAT LEAK TO COOLANT
SOURCE (BTU/HR) (BTU/HR) (BTU/HR) (BTU/HR)
A
FCd 11
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S1. 7 (177 If 1. C 515} 70.	 2 z) 1	 17-2TOTAL
WATT (BTU/HR) WATT (BTU;NR) WATT (BTU/HR) WATT (BTU/HR)
0P£RAT10NAL	 PE.N.A.LT[ES
•	 HEAT LEAK	
THERMh•-TO 
COOLANT
ELECTRICAL	 WEIGHT VOLUME
SOURCE	 (ETU/HR/CYCLE)	 (BTU/HR/CYCLE)
w IV 1,4—
(PK WATTS/CYCLE)	 (LB/MISSION) (FT3/MISSION)
i
TOTAL
WATTS/CYCLE
	
WATTS/CYCLE KG/MISSION Mr/MISSION
(4711MR/CYCLE)	 (BTU/HR/CYCLE) (LO/MISSION) (FT)/MISSION)	 ?-
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APPLIANC E tUNUH RLQUIVF ! 'LfJT 60 PUC.ALTILS UU-ULATICAS (t;I,glumo)
CO-"CEPT 3 L - L; ?—^-L	 01r	 ele gy l r^^	 INDEX UUM^ER 3.
	
r	 rtn	 E1ci^ I^r0EU14E	 it .2ei _RIM ftlS
WEIfNT	 Vol - I ME
COMPONENT	 (REF)	 (LOS)	 (FT')
TOTAL	
.^ ! ;	 S ^.	 [ U. y, Zy ( I	 ( J
KG (LOS) ,	 F13 (Fo)
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SOLID	 Ex P E N D A 8 L E	 WT/Y0L	 REQ UI 	 I MEN T_S
	
3	 ti	 5
WT/U:TI^REF)	 WT/CYCYCL'^	 VOL/L''41T (REF)	 VOL/CYYCIE
TYPE
	
01T5 /CYCLE(REF)	
QMI+iiIL }T)(REF)	 GLO	 (PKG.V{F^^:^IT)(REF)	
IFp)
— ---------------------
-	 -- --	 ^^ - TOT AL 	 LE	 ^ ^ ' f01P C 10l%CYLI.E
	
(LB)	 (FTI)
TOTAL WT.
F:C5Si0tC	 %
	
CYCLES%Oi1Y 	 DAYS/11lSS1Or3	 TOT.':f/CYCLE	 KG {Lb^ ^-
(LU)
TOTAL VOL	 -
- ^^issio;+ '	 x	 x
	
`— CYCLES/ 0,Y0^1fSlItSSi()t1	 70T,Y!1tICtCCE
(FTf)
G A 5/L L Q  1 D 	 EA P E N O A 6 L E S	 R E CC U I R E M E 1 T S
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RECOVERY	
AMT. RECf3;T'r'U/CYCLE
A,YT. USED/CYCLC(REF) 	 (^ If (f
TYPE	 (LO)	 FACTOR	 (LI
DD-
i
TOM Wt. n
- isl'^51i7ti	 x	 _ x
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SPACECRAFT	 Shuttle
Garment/Linen
HABITABILITY SUBSYSTEM Housekeeping	 HAOITA[ILITY FUNCTION Maintenance
^.	 APPLIANCE FUNCTION Garment/Linen Drying
APPLIANCE CONCEPT NO./TITLE 2/Forced Hot Air •- Thermal Storage
INDEX NO.	 3.3.2.2	 REF. NO.
	
90
DESCRIPTION
This dryer concept is the same as Concept I except the electrical heater is
replaced by a thermal storage unit which utilizes waste Beat from the wash/
rinse cycle. This concept should receive a credit for cooling the clothes
washer water- however, this has been neglected. Clothes are dried by air
at 490C (1206F) from the thermal storage unit directed into the slowly
revolving wire mesh drum.
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APPLIANCE CONCEPT NO./TITLE 3/Forced Cold Dry Air-Desiccant-Vacuum Regenerable
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DESCRIPTION
In this concept, a closed loop of air circulates through a silica gel desiccant
bed, where it is dried, and then through the clothes dryer tub where it dries
the clothes. After the clothes are dried, space vacuum is used to dry the
desiccant. The fan size is selected based on a 4-hour clothes drying time,
and 4 hours are assumed for desiccant vacuum regeneration.
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APPLIANCt 'CONCEPT NO./TITLE 4/Forced Cold Air-Desiccant•Heat Regenerable
INDEX NO.	 3.3.2.4	 REF. No.	 90
DESCRIPTION
This concept is identical to Concept 3 d4 pt that the desiccant is regenerated
by an electrical heater instead of vacuum.
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APPLIANCE CONCEPT N0./TITLE 5/Vacuum Dry
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DESCRIPTION
In this concept, clothes are simply sealed in a tub which is vented to space
vacuum. The water will first freeze due to rapid evaporation, after which
the ice will gradually sublime from . the heat of conduction and radiation
through the structural walls. Drying time is assumed, according to Refer-
ence 90, to be 6.35 hours.
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DESCRIPTION
This concept is identical to Concept 5 except that an electrical heater has
been added to provide additional heart to aid the sublimation process. Heater_
size was based on a drying time of 4 hours to be consistent with the other
concepts.
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DESCRIPTION	 {
This concept is identical to Concept 5 e&pt that the electrical heater is
replaced by a thermal storage unit which stores the heat from the wash and
rinse water. Clothes are sealed in a tub which is vented to space vacuum,
and the energy required for sublimation provided by the thermal storage unit.
A drying time of 4 hours was assumed.	 a
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SPACECRAFT	 Shuttle
Garment/Linen
HABITABILITY SUBSYSTEM- housekeeping	 HABITABILITY FUNCTION Maintenance
APPLIANCE FUNCTION	 Garment/Linen Drying
APPLIANCE CONCEPT N0./TITLE 8/Clothesline-Forced Convection
INDEX NO.	 3.3.2.8	 REF. NO.	 90
DESCRIPTION
In this concept, clothes are attached (with pins, snaps, velcro, etc.) to
wide mesh screen panels which are stacked in.parallel racks. A fan is used
to force air between the panels to dry the clothes. Crew time would be 	 j
relatively high compared with the other concepts. Drying time was assumed
to be 8 hours.	 {
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SPACECRArT	 Shuttle
Garment/Linen
^.	 HABITABILITY SUBSYSTEM Housekeeping	 lIABITABILITY FUNCTION M in . u^^-
APPLIANCE FUNCTION Garn:entLinen Dryin-g
APPLIANCE CONCEPT N0./TITLE , 9/Clothesline-Forced Convection plus Electric Heat
"INDEX NO.	 3.3.2.9_	 REF, NO.	 90
DESCRIPTION
This concept is identical to Concept 8 except that an electrical heating
element has been added within the clothes panels to expedite the drying
process. Heater size is based on a drying time of 4 hours.
t.	
.
r	 "
HEAITNG 	 ^
BAFFLE	
ELEMENTS	 .
'	 ASR TO	 AIR FROM
cam.'— 
	
=FANEx G^—	
3
Ubvint.) i iFiL5
D2.118561,34
!
	 1;&e.	
APPLIANCE CONCEPT RLQUIREN r NTS MID PENALTIES CALCULATIONS
	 ^y
CONCEPT	 11^'S 	 — Ftar[ec,	 convec#ion plus	 e/ecTrrc	 head	 INDEX NUMBER	 -3m 0-2>-
EEECTRICAL	 POWER	 REaUIREtiENTS
'	 AC	 .	 POWER 	 0C POWER_
I
USE^TIME	 O2	 Q	 OEfi0	 I) ®	 DEMAND
CYCLE	 PEAK	 AVERAGE
	 (WAIT-11R/
	
PEAK
COMPONENT	 (REF)	 (HR)	 (WATTS)
	 (WATTS) QI X^J	 (WATTS)
AVERAGE	 (WAIT—HR/CYCLE
X^(WATTS)
	
QI
•	 NCtr^r~r
.Z..•	 '171
•	 RAXII3M	 TOTAL	 MAXIMUM TOTAL
THERMAL	 REQUIRENtNTS
LATENT	 SENSIBLE	 HEAT LEAK TO COOLA14T
SOURCE	 (BTU/HR)	 (t?TI^/HR}	 (BTU!/H!t} {BT^^•/}fR)
TOTAL	 I t 1 1.	 Tl^l _f 735`. I` D
. WATT (BTU/!IR)	 WATT (BTU/HR) WATT (BTU/III) WATT (BTU/HR)
OPERATIONAL	 PENhtTI£5
THEIU4AL 
TO COOLANT	 ELECTRICAL• HEAT LEAK WEIGHT VOLUME
SOURCE	 (BTU/HR/CYCLE)
	
(BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 (LB/HISSION) (FT'/MISSION)
TOTAL
VATI5/CYCIE--	wRtF".%CYCLE i ttt/Hi55I0'1
(Hit!/11Z/CYCLE)	 (111U /114Ct'CL E) (LII/74IyS10Y} (ITl/tti55lCVi)
82-514	 `
D2.418561.3
AVVLMULL CU'1CLPF RLQUI fUN15 MU PUTALTUS tALCULATIUNS (CQ*-CLUDED)
CO33CEPT ► E'' r^i►)	 =^ Forced
	
moved vn	 eleCI rIC	 t)eQ4	 INDEX NUPICER_pl y 2, .	 .	
.
F 1 x E 0	 WEIGHt/YOLULl L	 REgU 1 REL4EN f S
MEIGNT YDLME
COMPONENT (REF)	 (LOS) (FT3)
IOTA	 12.	 Z7)	
-^•' 9.
' KG (LB5)
	 s K3 {Fi3)
SDLI D 	 EXPEN D ABLE	 W7fY0L	 RfQUIRE1dENTS
hT/UNITOREF)	 NT/CG)	 YOL/U.'1{O(REF) ©LEYOL,'
TYPE
(PKG.WT/UN1T)(REF) 	 1 XT22	 (PAG.VOL/UN1T)(RIF)
-((LB}
I	 K 4
TT3TUKITS/CYCLE(QEF)	 US)	 (FTl)
- O	 ^^ OTOTAL NF/CYCLE iOTAE YUL/^YCLEr
(LB) (FYI)
TOTAL WT.
MI Salors a xx--
CYCLES/DAY
	
DAYS%fiS5I0^1 -'	 TU1.141/C'fC,LE KG LB^
(LB)
MTAL VOL
tt! 551 Qi x	 X
GYCLES/OaY	 DAYS/1-115510i	 TOT.YOL/CITCLE t^{FT
(FT3)
GA JL i qu I D	 E X P E11 n A8L E 5
	
RE QU I ?f KENT S
(D	 0 0
TYPE
AMT. RM) FPFD/C-'CLE
A+1T•USM/CYYCLE , REF)	
RiACTORY	 U{Ll()
INT LOST/ZYCLE
( (L3y
E (D
TOTAL WT.
- !1[SS1Qii^
•
x	 X,+_	 ^	
^"GirCLE/UAY r'	 ` DAYS%ti1t51uN ^	 101i1L^t.1tiST/CYCI^ Y.I^LII^	 '(LB)	 o
B2-515
•-	 HABITABILITY SUBSYSTEM	 3.0 housekeeping
HABITABILITY FUNCTION 	 3.3 Garment/Linen Maintenance
APPLIANCE FUNCTION 3.3.3 Garment/Linen Washer/Dryer-Disposable Clothes
NUMBER OF CONCEPTS CONSIDERED 	 9
ASSUMPTIONS
For this appliance function, the most promising individual clothes washer
concepts (Section 3.3.1) were combined with the most promising clothes dryers
(Section 3.3.2) to form integrated clothes washer/dryer units. The data
for each case were taken directly from the data sheets for Section 3.3.1
and 3.3.2. Washer and dryer data were combined, and the redundant components
eliminated. Peak poker and thermal requirements were taken to be the maximum
for the individual washer and dryer, rather than the sum of the two, since
each is operated at separate times.
The washer/dryer combinations were compared with disposable clothes. Clothes
wear rates and weights assumed with a washer/dryer were taken from References
237 and 245 and are shown in Table B2-7.	 A clothes weight packaging factor
of 1.31, and clothes packaged density, were taken from Reference 100. This
resulted in a total clothes/linens size of 40.8 kg (90 lbs) and 0.483 cu in
(17.07 cu ft) required for a 4-man crew with an automatic clothes washer/
dryer.
The clothes required for the disposable case were computed from a wear rate
of 0.481 kg (1.061 lb) per man per day, with the volume again taken from
Reference 100.
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ITEM
Short sleeve shirt
Trousers
Jacket
Undershorts/sox/shirt
Shoes (pr.)
Gloves
Towels
Washcloth
Total
TABLE B2-7 CLOTHES/LINENS USAGE RATES ASSUMED PER
MAN WITH A CLOTHES WASHER/DRYER AVAILABLE
WEAR ARTICLE WEIGHT TOTAL WEIGHT
INTERVAL NUMBER #u- lb kg_ ]b
3 days 4 0,20 0.45 0.82 1.80
7 days 3 ,54 1.20 1.63 3.60
7 days 3 .50 1.10 1.50 3.30
2 days 6 .26 .57 1.55 3.42
3 .31 .69 .94 2.07
21 days 3 .08 .17 .23 .51
1 day 7 .10 .23 .73 1,61
.5 day 12 .035 .077 .42 .92
2.035 . 4.50 7.82 17.23
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(FT3 /!!IN)
(LB/HR)
y
^ I- _ FLUIDIC AGITATION/FORCED HOT AIR-ELECTRIC HEskTE R 3
4
— OXYGEN	 LOST)	 ,
- COOLIM WATER %CIRCULATED},
KG/HR
KG/HR
HRL$/
L$/HR^	
I ti
2 FLUIDIC AOIIATIONIFORCEn NOT AIR-THERMAL STOP{AGE NEATER 5 - WATER
	 (LOST) KG/HR (LB/HR)
O 3 -- FLUIDIC AGITATION/FDRCEt ► AIR DRYI NG-CLOTHES LINE 6
,
- NITROGEN	 CIRCULATED},( KG/HR (L8/NR) 0FLUIDIC AGITATION /FO RCED AIR ORYG-CLOTHES LINE 7 - NITROGEN
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(	 )
S RATER SPRA^._AG]TATION/FORCED HOT AIR-E^Fr; RIC HEATER
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(2) STATE OF THE ART 25-505
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CONCEPT HUMBER
Garment/Linen Washer/Dryer-Disposable Clothes (Shuttle)
Concept Trade
B2-519
t 1-;f - f
NUMBE R OF DAYS •	 205 - 1	 006 YEARS)
USES MOD SUBROUTINE 37
THERMAL PENALTY - DIRECT - TO COOLANT ELSISTUNI .0250 -	 - -
THERMAL PENALTY - C ABIN PEAT LEAK ELSISTUM) 90550
--POSER- P ENALTY--ttS$/IIATTI--TYPEi-t"- oS300 ---
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iSENSITIVITY ANALYSIS
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	 SO S
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-	
17@0S	 I$.71
	 22.52
	
14•{{5
	
29.75 2 14.89 339914 24.13 80.27	 -	 -	 --
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POWER 16 9 11	 20 948	 2 4 #4 9 	 12 r9 1	 27#76 26 9 66 34.98 22 . 17 779SS
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 3.3.3-GARMENT/LINEN/WASHING/DRYING COMBINATIONS
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FLUIDIC AGITATION/FORCED HOT AIR- 6 2 2 2 1 1 7 1 10 1 1 1 1 - - 2
ELECTRIC HEATER.
FLUIDIC AGITATION/FORCED HOT AIR- 6 2 2 2 1 1 7 1 10 - - 1 1 1 - 2
. THER14AL HEATER
FLUIDIC AGITATION/FORCED AIR 5 2 2 2 1 1 7 - 10 1 - 1 - - - 0
DRYING RACK
FLUIDIC AGITATION/ELECTRICALLY 5 2 2 2 1 1 7 - 10 1 1 1 - - - I
HEATED DRYING RACK
WATER SPRAY AGITATION/FORCED HOT 3 1 2 2 1 1 4 1 - 1 1 1 1 - - 2
AIR-ELECTRIC HEATER t
WATER SPRAY AGITATION/FORCED HOT 3 1 2 2 1 1 4 1. - 1 1 1 1 - - 2
AIR-THER14AL STORAGE HEATER
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- INDEX I40.3.3.3.1	 REF. NO.	 90
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DESCRIPTION
This concept is a combination of clothes washer Concept 2 and clothes dryer
Concept 1, as described previously in Section 3.3.1 and 3,3.2.
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DESCRIPTION
This.concept is a combination of clothes washer Concept 2 and clothes dryer
Concept 2 as described previously in Section 3.3.1 and 3.3.2.
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DESCRIPTION
This concept is a combination of clothes washer Concept 1 and clothes dryer
Concept 8 as described previcusly in Section 3.3.1 and 3.3.2.
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DESCRIPTION
This concept is a combination of clothes washer Concept 1 and clothes dryer
Concept 9 as described previously in Section 3.3.1 and 3.3.2.
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z	 DESCRIPTION
•	 This concept is a combination of clothes washer Concept 7 and clothes dryer
Concept I, as described previously in Section 3.3.1 and 3.3.2.
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DESCRIPTION
z
S'
This concept is a combination of clothes rusher Concept 7 and clothes dryer
Concept 2 as described previously in Section 3.3.1 and 3.3.2.
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(BTU/HR)	 (BTU/HR) (BTU/HR)
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OPERATIONAL	 PENALTIES
THERMAL	 ELECTRICAL
r	 HEAT LEAK.	 TO COOLANT
WEIGHT VOLU iE
SOURCE
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APPLIANCE CUIICLPT REQUIREMENTS AND PENALTILS CALCULATIONS (CO'tCLUOED)
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SPACECRAFT
Gaivent /Li nen
A*	 HABITABILITY SUBSYSTEM Housekee p ing 	 IIA131TABIl_IIY rUNCTIOI; .Ljjjjj[, i ce
APPLIANC E FUNCTION raari.ient Linen-Idarherj ryer•-O7s^,^'^.7^zL.^]^es
APPLIANCE CONCEPT NO./TITLE 7 /Ilater - Sr.ra1i Anitatior,CI th - 51jnQ--_FI= oru.c1 Cnr)vectjon
'INDEX NO.	 3.3.3.7	 REF. NO.	 90 -
DESCRIPTION
This concept is a combination of clothes washer Concept 7 and clothes dryer
Concept 8 as described previ .ousiy in Section 3. .3.1 and 3.3.2.
r "d
K
BAFFLE
Alit 10	 /r	 AIR FROM
CS' BIN	
CABIN.
••	 BAfFLE
CLOTHES LINES
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CONCEPT .rHr 	 stit'Acf
APPLIANCE CONCEPT REgUTRFMI.NTS NTD PLUALT1ES CALCULATIONS
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APPLIANCE CUNCtILT NLQJlHE:'ENTS AND PENALTIES CALCULATIGNS (CG'iCLUDED)
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SPACrCRAI'1'	 Shuttle
Carl ent /Linen
IIAB TAI;ILITY SUCSYSTi.,i Housekeeping	 HABITABILITY FUNCTION Maintenance
APPLIANCE FU.NCTION G i rwent. / L inen - Has her/Dryer--WsposanIc Clothes
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'INDEX NO.	 3.3.3.8	 -REF. 140.	 90
DESCRIPTION
	 f
This ,concept is a combi nation of clothcs washer Concept 7 and clothes dryer
t Concept 9 as described previously in Section 3.3.1 and 3.3.2.
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APPLIANCE CO'ICEPT REQUIRE!'LNTS NQ PENALTIES CALCULATIONS
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APPLIANCE CONCLI'T REQUIRkMEN15 ANU PLNALTIES CALCULATIONS (CQ4CLUOEO)
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©
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^A/d. 3` N	 rr^`
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• °
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SPACCCRA!"T	 _ _Shuttle
Garment/
IIABITAI;ILITY SM'.SYSTCI•i Housekeeping	 !IARITAVILITY nuCTION Linen Maintenance
x
AI'f'LTI+LICE FUNCTlOII	 Garment/Linen 4lasher/Dryer ^^ispo^gih1lM^ut}^^^
APPLIANCE COi;CI'F°T NO. /T11 - 1 L^ 9/Disposable Clothes
S	 ,
114DEX 110,	 3.3.3.9	 REF. NO.
DESCRIPTION	 This concept assumes no clothes brasher/dryer will be used, and
soiled clothing will simply be disposed of and replaced by new ones. An average
wear rate of .+484 kg (1.066 lb) clothing/towels/washcloths per man per day was
assumed from Reference 215. A packaging weight factor of 1.3 was used from
Reference 100. Bulk density of the clothes, including packaging, was assumed
to be 0.0119 cu m/kg (0.190 cu ft/lb) as recommended in Reference 100.
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APPLIANCE CGl; 21 REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED)
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HABITABILITY SUBSYS'iEM	 Off-Duty Activity
APPLIANCE FUNCTIONS CONSIDERED
4.1.1 Music
4.1.2 Library
4.1.3 Television
4.1.4 Games
4.2.1 Exercisers
DESCRIPTION
The off-duty activity habitability subsystem was designed to provide the
crew entertainment and physical exercise in their off-duty hours. The sub-
system considered by the study is primarily based on the off-duty equipment
provided for Skylab and-Apollo crews. A television receiver was the only
addition to the subsystem. The Shuttle Orbiter would not utilize most of the
equipment presented in this subsystem due to the present mission duration.
The equipment was, however, considered for Shuttle Orbiter for the benefit
of future missions as they are extended with the addition of payloads such
as Spacelab.
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-HABITABILITY SUBSYSTEM 4.0 Off-Duty Activity
HABITABILITY FUNCTION	 4.1 Entertainment
APPLIANCE FUNCTION 	 4.1.1 Music
NUMBER OF CONCEPTS CONSIDERED 	 1
ASSUMPTIONS
(1) The music appliance function provides the,crewmen with music and a means
of recording. A system to play the recorder through speakers mounted in
the spacecraft is provided for better fidelity of sound.
3
(2) The actual Skylab equipment was used for the appliance function. This
was the only concept used because of the simplicity of the appliance
function.
(3) The Skylab equipment ,•quantities were ratioed by crew size; i.e., six men
divided by three men for Space Station and four men divided by three men	 {
for Shuttle. The weight and volumes were then multiplied by these ratios.
1
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1
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 4.0-OFF-DUTY ACTIVITIES
NUMBER	 OF	 COMPONENTS
COMPONENT TYPE
NU14BER
OF
SAFETY
CRITICAL
APPLIANCE TYPE
	 N0.
ITEM,S
NO MECHANICAVELECTRICAL COMPONENTS
RECORDED FOR THE 4.0 APPLIANCE
FUNCTIONS,	 SINCE NO TRADES WERE
MADE FOR THE APPLIANCE FUNCTIONS.
v
N
Cn
W
D2,-118561-3
fi
SPACECRAFT-
	
	
Shuttle'
Off-Duty
HABITABILITY SUBSYSTEM Activity 	 HABITABILITY FUNCTION Entertainment
APPLIANCE FUNCTION	 Music
1/Cassette Player/RecorderAPPLIANCE CONCEPT NO./TITLE
INDEX NO.	 4.1.1.1	 REF. NO.	 293, 96
DESCRIPTION
The cassette player/recorder concept includes the following equipment:(1) tape player/recorder,  (2) headsets, (3) microphone kit, (4) power
cord/converter, (5) batteries ., (6) cassette kit, and (7) wardroom speakers.
The tape player can be used on conventional batteries or via a converter
from 28 VDC to 6 VDC on spacecraft power. The tape recorder plays cassettes
and is provided with a speaker and an adaption to-headsets for private use.
The number of unit: provided for each-of the above units is summarized below:
Space
Shuttle'	 Station,
Tape recorder	 5	 7
Headsets	 3	 4
Microphones	 3	 4
Power cord/converter	 1	 2
Batteries	 adequate for mission
duration
Cassettes	 80	 120
Speaker	
.1	 1.
L
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MICROPHONE HEADSETS
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HABITABILITY SUBSYSTEN . 4.0 Off-Dut Activity
-HABITABILITY FUNCTION 4•I Entertainment
APPLIANCE FUNCTION	 4.1.2 Library
NUMBER OF CONCEPTS CONSIDERED 	 1
ASSUMPTIONS
(1)^The library appliance function provides the'crewmen with reading material
for off-duty time. Provisions are added to make.the paper books non-
flammable by .adding covers While the books are in use.
(2) The actual Skylab equipment was used for the library appliance function.
This was the only concept used because of the short mission duration. 	 s
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SPACECRAFT	 5huttla	 -
`	 Off-Duty
HABITABILITY SUBSYSTM	 HABITABILITY FUNCTION_ Entertainment
APPLIANCE FUNCTION	 Library
APPLIANCE CONCEPT N0./TITLE 	 1/Books
INDEX NO.	 4.1.2.1	 REF, NO. 	 96
DESCRIPTION
The book concept consists of individually selected off-the-shelf paperback
books takes on the mission. -The books are stored and when in use are provided
with a cover for nonflammability. The covers are fabricated from Beta cloth.
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HABITABILITY SUBSYSTEM 4.0 Off-Duty Activity
HABITABILITY FUNCTION 4.1 Entertainment
APPLIANCE FUNCTION 	 4.1.3 Visual Recreation	 T
NUMBER OF CONCEPTS CONSIDERED 	 1
ASSUMPTIONS
(1).The visual appliance function provides the ibeans for programed television
to be displayed on board,the spacecraft.
a
{2) The Panasonic and Sony television sets' were the basis for the engineering
•	 -numbers.
(3) One unit was assumed to be provided for each vehicle.
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SPACECRAFT	 Shuttle
•	 Off-Duty
HABITABILITY SUBSYSTEM Activity	 HABITABILITY FUNCTION
Visual Recreation 	
Entertainme
APPLIANCE FUNCTION	 --
APPLIANCE CONCEPT N0./TITLE 1/Television
INDEX NO.	
5.1.3.1	 REF. NO.	 1
DESCRIPTION
The television concept provides programed television programs to the crewmen.
The data presented were based on 15-inch Panasonic. The Sony is also very
similar to this model. The unit does not provide the means for use of video
tape.
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APPLIANCE CONCEPT REQUIPEPILN1S AND 1 1 0KTIES CALCULATIONS (CCNC1UUL11)
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.HABITABILITY SUBSYSTEM 4.0 Off-Duty Activity
HABITABILITY FUNCTION 4.1 Entertainment
APPLIANCE FUNCTION 4 . 1 .4 Games
HUMBER OF CONCEPTS CONSIDERED
ASSUMPTIONS
(1) The games appliance function provides games to occupy crewman time during
off-duty activity. The devices used are varied to prevent boredom.
(2) The actual Skylab equipment was used for the appliance function.
(3) The Skylab equipment quantities were ratioed by crew size; i.e., six men
divided by three men for.Shuttle. The weight and volumes were then
multiplied by the ratios.
(4) The concepts presented are not presented for trade purposes. Each of
•	 these concepts are candidates -for off-duty activity equipme-nt.
f
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SPACECRAFT	 Shuttle
Off-Duty
HABITABILITY SUBSYSTEM Activity	 HABITABILITY FUNCTION Entertainment
APPLIANCE FUNCTION	 Games
APPLIANCE CONCEPT HO./TITLE 	 1/Handball
INDEX NO.	 4.1.4.1	 REF. TAO. 	 293,96
DESCRIPTION
The handball-concept provides three hand balls, one pyrell, one sponge, and
one rubber hand ball. The balls are covered with a nonflammable Fluorel
covering. One commercial ball is coated with Fluorel. The pyrell NERF ball
was dipped in ammonium-dehydrogen phosphate and coated with Fluorel. The
. third ball is a toy ball coated with Fluorel. The balls are packaged in a
sponge rubber container.
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HABITABILITY SUBSYSTEM Activity 	 HABITABILITY FUNCTION Entertainment
APPLIANCE FUNCTION	 Games
APPLIANCE CONCEPT N0./TITLE 2/Dart Board/Darts
INDEX NO.	 4.1.4.2	 REF. rya. X 293, 95
DESCRIPTION
	 f
The dart board concept utilizes darts and board with velcro for a zero-g
	 ;-
dart game. Twelve darts were 'provided with the heads covered with velcro
hooks and attach to the board by means of velcro pile/hook attachment system.
A dart holder container was provided as part of the concept. The system did
not work well on Skylab (darts were not stable), so redesign of this system
would be required prior -to flight.
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APPLIANCE CONCEPT NO./TITLE	 3/Binocular Kit
INDEX NO. 4.1.4.3	 REF. NO._	 293, 96	 !
DESCRIPTION
The binocular kit concept provides binoculars for viewing distant objects
such as earth and satellites. The binoculars are "trinovid" 10 x 40,
manufactured by E. Leitz, Inc. Velcro attachment strips are provided for
attachment when used in specified areas.
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APPLIANCE FUNCTION 	 Games
APPLIANCE CONCEPT NO./TITLE 4/Cards
INDEX NO.	 4.1.4.4	 REF. NO.	 293, 96
DESCRIPTION
The cards concept provides card decks and card deck retainers for card playing
in zero-g. The card retainer is constructed using a flexible strap with a
magnet at each end. The assembly is covered with Beta cloth. The cards are
standard cards manufactured using a lamination of three layers of Scheufelin
. paper E-20. Each deck is stored in an aluminum container for nonflammability.
Eight decks of cards were assumed for Space Station and four for Shuttle.
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HABITABILITY SUBSYSTEM Activity 	 HABITABILITY FUNCTION Entertainmen t
APPLIANCE FUNCTION	 Dames
APPLIANCE CONCEPT NO./TITLE	 5/Calculator
INDEX NO. 4.1.4.5 -	REF. NO.
DESCRIPTION
The calculator concept provides a Hewlett-Packard HP-65 programable pocket
calculator. The calculator is an electronic slide rule with programable
tapes for special programs. The study assumed four units were supplied for
Shuttle and six for Space Station.
•	 wr►,. .rte	 i .
ENTER f	 G+5	 EEZ	 COY. i
X 	 1 , 21 3 ^.
B2-582
i1 ^	
I
i I ^
Y
>ls
+
1	 1 I
D2418561.3
I
J,	 APPLIANCE COM PT REQU1R1 141f1LS Mil) PENALTIES EA1C1nAT1(9IS
cONcEPT ^f^[+^1 jp,^	 INULIt NU114 14^yr,!r,. ,^ j
[ifC?RiCAL POWER	 RE!j!jfRKtLNTS.
AC	 .	 P0W CRR 0 P 0 W I R
Q
USE T1HE ^2	 ^	 DEM711D a5 a6	 t 1'(75
CYCLE PEAK	 AVERAGE	 (CYaEHR/
(WATTS)	 (WATTS)	 Qi X^
VE• AVERAGE
	 ( wII - IA/
COMPONENT	 (REF)	 (lip) (WATTS; (WATTS)	 ()X
SL
MAXIMUM	 TOTAL MAX IML114 TOTAL
THERMAL	 REgUIREMENTS
LATENT	 SENSIBLL BEAT LEAK TO COOLANT
SOURCE (BTU/HR)	 (BTU/ILR) (BTU/HR) (BTU/HR)
t
TOTAL ,
WATT (BTU/IIR)	 WATT (BTU/HR)
t
WATT (BTU/HR) WATT (BTU/HR)
OPERATIONALPENALTIESr--_
TO COOLANTHEAT LEAK
THERMAL
	
ELECTRICAL	 WEIGHT	 VOLUME
SOURCE	 (BTU/HR/CYCLE)	 (B71J/NR / CYCLE)	 (PK WATTS/CYCLE)	 ( LB/MISSION)	 ( FT'/MISSION)
._.^1ZA
TOTAL 	 ___
WATTS/CYCLE	 1r1TT5/CYCLE
	 KG MISS10%	 M1/HI SSwN
(B1U/NR/CYCLE)	 ($lu /1iR/CYCLE)	 (LB/MISSION)	 (TTY/MISSIO?1)
B2-583
iI	 I	 I	 I	 i	 t
D2-118561.3
APPLIANCI CONCEPT REQUIllif Lf0i A110 PLNALT II S CALCULATIONS (0 %CI UULU)
CONCIPT_5/—CA4
 94&,* 74:1e	 INDLX NUMBER
F11cED
	
Wf^. cHT/va^uME
	
REQUIREFSLtITS
	
WEIONT	 VOLUME
COMPUMNT	 (REF)	 (LOS)	 (FT 3)
TYPE
m
TOTAL	 Z. DMZ_ 4	 • d^Z f^^^
KG (EB51 _-
	
M3 (F T3)
S 0 L 1 D	 E x PE N D A B L E	 WT/V 0 L	 R E g U I R E M E fi T S
WT/UNIT (REF)	 iT/CYYCIE
	
VOL/UNITT (REF)	 ICYCIE
UNITS/CYCLE(REF) (PKG.wT(LB)T){
FEF)
	I(LU(T^
	
(PKG.V`FT3t'1T)(REF)	 vy
E O ___ ----	 E ®- - -
TOTAL WT/CYCLE	 TDTAL YOL/CYCLE
;L[S)	 (FT3)
TOTAL_ WT. _	 ,	 -
`k1"S510N	 xx
CYCLESIDAY	 , DAYS%MISSION	 TOT.WT%CYCLE	 KG TER}
(Lr,)
TOTAL VOL
if 	 NN_ _ x	 x
CYCLES/DAY	 PAYS/M1SSfON	 T -,nT-.(of^CYCLE	 A (Fib
6AJLIQUIO	 EXPENDABLES	 REQUIREMENTS
Q	 ©	 AHT.RECOVEERRFO/CYCLE
	
AMT LOST/CYCLE
	AMT.US£D/LtCLE(REF)	 RECOVERY	 QI zTX	 U _ 3
TYPE	 (LB)	 FACTOR	 (LB}	 (L8
F
TOTAL WT.
t , .,	 of 5510}{	 x	 x	 n
CYCLE DAY	 0Y5/MTSSIOH` TbT7.1tOCYCLC
R
B2-5P4
•	 ^ i
AG^L B^
(LD)	 {L d
r'
. 	 s
D2.118561.3
•HABITABILITY SUBSYSTEM 4.0 Off-Duty Activity
-HABITABILITY FUNCTION 4.2 Physical Conditioning
APPLIANCE FUNCTION	 4.2.1 Exercisers
NUMBER OF CONCEPTS CONSIDERED 	 2
ASSUMPTIONS
(1) The exercisers appliance function provides for maintenance of crewman
physical condition under the influence of zero-gravity.
(2) The actual Skylab equipment was used for the 'appliance function.
(3) The Skylab equipment quantities were ratioed by crew size; i.e., six men
divided by three men for Spaco. Station and .four men divided by three men
fur Shuttle. The weights and volumes were then multiplied by the ratios.
(4) The concepts presented are not presented for trade purposes. Each of
these concepts are candidates for off-duty activity equipment.
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	HABITABILITY SUBSYSTEM Activity	 HABITABILITY FUNCTION Conditioning
APP+LIANCE FUNCTION_ 	 Exercisers s
APPLIANCE CONCEPT NO./TITLE 	 1/Exec-Gym
4.2.1.1
	 REF. ISO,	 293, 96
DESCRIPTION
i
The exer-gym concept is a commercial grade of exer-gyms manufactured by
Exer-Genie. The unit provides exercise by means of varying rope tension to
produce the desired push/pull restraint forces. Exer-gym works by putting
each foot in the strap loops and pulling rope with one or two hands. A
storage container is provided for the exer-gym. The study assumed four
exer-gyms were provided for Shuttle and six for Space Station.
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APPLIANCE FUNCTION	 Exercisers
APPLIANCE CONCEPT NO./TITLE	 2/Nand Exerciser
INDEX NO.	 4.2.1.2	 REF. NO.	 293, 96
DESCRIPTION
The hand exerciser concept is provided to keep hand and arm muscle condition.
The hand exercisers are shaped to fit the hand and are used as a "squeeze"
type exerciser for maintaininV grip strength. The units are coated with
Fluorel for nonflammability. The study assumed four hand exercisers were
•provided for Shuttle and six for Space Station.
s
i
t
82-590	 • r
D2 .118561=3
APPLIANCE CONCEPT REQUIRLMfNIS 109 PL?JALTlLS CAICUI.AII { INS
INDEX NUMUIHcolic EP7-.2/w^ Q_	 ^	 /$^
(	 ELECTRICAL	 POWER	 REQilIRLMIN_TS
AC	 POWER DC p4WfR	 _	
3
'--^^'f0USE TIME	 ^2	 O O DEMfl!lII
CYCLE	 PEAK	 AVERAGE	 (CYCLEHR/ PEAK AVERAGE	
(CYL`L!(R/
+	 COMPONENT	 (REF)	 (HR)	 (WATTS)	 (WATTS)	 QI X (WATTS) (WATTS)	 C1 xFo
MAXIMUM ^	 TOTAL MAXIMUM MAi
1
v
i
THERMSAL	 REOUI RE HENTS
{
LATENT	 SENSIBLE HEAT LEAK TO COOLANT
SOURCE	 (BTU/HR)	 (BTU/HR) (BTU/FIR} (BTU/HR)
Aa
TOTAL.
7
WATT (BTU/HR)	 WATT (BTU/HR) WATT (BTU/HR) WATT ( BTU/HP)
+	 OPERATIONAL	 PENALTIES
HEAT LEAK
	
THERMAL TO LOOLAlIT
	
ELECTRICAL	 WEIGHT	 VOLUME
SOURCE	 (BTU/HR/CYCLE)	 (BTU/HR/CYCLE)	 (PK WATTS/CYCLE)	 ( LB/MISSION)	 ( F13/MISSION)
3
,l
TOTAL
WATTS/CYCLE
	
WATTS/CYCLE	 KG/MIS$10x	 M3/1415SIO4
(BTU/HR/CY(:LE)	 (BTU /!(R /CYCLE)	 (LB/MISSION)	 (FT3/M1551U4)
B2-591
_	 E
I
l	 l	 t	 I	 I	 l
P2-11$561=3
APPLIANCE CONCEPT REQUIREMI.NTS ANti PENALTIES CALCULA110115 (CONCLUDED)
CONCEPT,f^,^^t^^C,($'	 lNOEX 11UMDCR__
•	 FIXED	 WE]GNJY0LUME	 REQUIREMENTS
	
WEIGHT
	 VOLUME
COMPONENT	 (REF)	 (LEIS)	 (FT3)
TOTAL	 * ^^	 r 3^	 ♦ Q'Y ! T i •,[7
	
KG (LB-)	 M3 (FT3)'
SOLID	 EXPENDABLE	 Wl/yRk	 REQUIREMENTS
O	 WT/UNIT (REF)	 WT/CYCLE	 VOL/UNIITT (REF)	 VOL/C(YYCLE
TYPE
	
UNITS/CYCLE(REF)	
(PKG.WT(LB)T)IREF)	 I(
LBQ	 {PxG.Y(FT3)IT)(REF)	 C1^T34
O OTOTAL WTI /ZYCLE TO L VOL`/CYCLE
(LB) (FT3)
T°^t^^^l' ` x x
CYCLES/PAY DAY 51Ml5S10N TOT.WT CY L xG (LBT— —
(L$)
TOTAL VOL
rs15514N x x
YCL£S CAY DAYS F115SION 70f:VOL/CYCLE M3	 FT
(FT3)
jAyLjqjL .Lk	 EXPENDABLES
	
REBUI REMENTS
© ©D
^
AMT LOS
{
T/CYCLE
AMT-USED/CYCLE(REF) RECOVERY
	
AMT.RECOV /CYCLE
^(LBg
(D.-
YTYPE (LD) FACTOR-
--
^o ^o
TOTAL WT.
L	 0+ —Mg—Mg- TOTAL KG LB^LO^T^TCYGLE	 (Lg)
B2-592
D2.118561-3
I
HABITABILITY SUBSYSTEM 	 Medical
i
APPLIANCE FUNCTIONS CONSIDERED
5.1.1 Autoclaves
5.2.1 Ergometers
DESCRIPTION
The medical appliance subsystem considered by the study were those items
judged to have a direct interface with the ECLSS. The Space Station will
probably.include more appliances than were considered in this section; how-
ever,'the autoclave and ergometer appliances were the only appliance functions
defined for a near term Space Station. The Shuttle Orbiter, because of its
short-term mission, would not require these appliances. These appliance
_%	 functions were, however, complied for possible application to future Shuttle
C missions.
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{	 HABITAQILITY SUBSYSTEM .5.0 Medical
HABITABILITY FUNCTION 5.1 Sterilization
APPLIANCE FUNCTION	 5 .1.1 Autoclaves
NUMBER OF CONCEPTS CONSIDERED - 3
ASSUMPTIONS
(1) Venting of the autoclave chamber to vacuum-was allowed since the contamination
level was considered low.
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX
APPLIANCE FUNCTION: 5.1.1-AUTOCLAVES
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SPACECRAFT	 Shuttle
HABITABILITY SUBSYSTEM Medical	 HABITABILITY FUNCTION Sterilization
APPLIANCE FUNCTION	 Autoclaves
APPLIANCE CONCEPT NO./TITLE	 1/Moist Heat Sterilizer
INDEX NO.	 5.1.1.1	 REF. NO.
	
202
DESCRIPTION
The moist heat sterilization concept utilizes high temperature saturated steam
as the agent for sterilization. The advantages of this system are its rapid
heating, penetration, and moisture which facilitate the coagulation of proteins.
This is the mechanism by which the organisms are destroyed. The units sterili-
zation operating temperature range is 121 0C to132 oC (250oF - 2700F). The
period of time used for this method of sterilization was assumed to be 15
minutes at 1551 mmHg	 (30 psia). The air within the autoclave was assumed
to be exhausted overboard prior to each sterilization cycle to assure efficient
sterilization. The vglume of the chamber used for computing the vented gas
was .0504 m (1.78 ft,3 ). The water used per cycle was 0.072 kgms/use (0.158 1b/
use) which is recondensed and recovered.
i
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APPLIANCE CONCEPT REQUIRIMLNTS AND PLNALIIES CALCULATIONS
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SPACECRAFT	 'Shuttle
HABITABILITY SUBSYSTEM Medical	 HABITABILITY FUNCTION Sterilization
APPLIANCE FUNCTION	 Autoclaves
APPLIANCE CONCEPT N0./TITLE ?/Dry Heat Sterilization
INDEX NO.
	
5.1.1.2	 REF. NO.
	
202
DESCRIPTION
The dry heat sterilization concept uses dry heat as ,the sterilization agent.
This concept requires much higher temperatures and longer exposure times than
Concept 1. The study assumed a 2 huur sterilization time period at 3200F.
The dry heat destroys organisms by means of oxidation of their intercellular
constituents. The unit will sterilize everything but aqug^ ous materials because
of its-low vapor pressure. The dry heat chamber (1.78 ft )was assumed to be_
insulated with a .038 meter (1.5 inch) thick polystyrene foam.
The heat leak calculated was based on this insulation system. In
addition to the 2 hour sterilization period, a 20 minute warmup time was
assumed.
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APPLIANCF CONCLPT HEQU14tHLNiS AND 1 1 0AIIIES CALCULATIONS
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SPACECRAFT
	
Shuttle
HABITABILITY SUBSYSTEM	 Medical
	 HABITABILITY FUNCTION Sterilization
APPLIANCE FUNCTION	 Autoclaves
APPLIANCE CONCEPT N0./TITLE 3/Ethylene Oxide Sterilizer
INDEX NO.
	
5.1,1.3
	
REF, NO.
	
202, 292.
DESCRIPTION
The ethylene oxide sterilizer concept uses a • mixture,of Freon 12 and ethylene
oxide as a sterilant agent. The steri1izer was assumed to operate at s4 oC
(1300F) temperature,1337 mmHg(22 psia) pressure., and at a relative humidity
of 40%. The water used to raise the humidity and the air required evacuated
prior to usage were assumed loss after each cycle. Since ethylene oxide is
extremely flammable in air, mixtures of 88% Freon 12 and 12% ethylene oxide
or 90% carbon dioxide and 10% ethylene oxide to-circumvent this problem. The
ethylene oxide sterilant mixtures are toxic and corrosive. A design using
this concept would require careful interlocking of the chamber door to prevent
accidental injur. The internal volume of the chamber was assumed to be
.05 m3 (1.78 ft3^-with approximately .003 pounds of water per charge for
maintenance of relative humidity.. The sterilant mixture is exhausted after
the sterilization cycle is complete. The study assumed 20 hours were required
for sterilization with a 5 minute warmup period. The cylinders used for the
sterilant mixture were assumed to be aluminum.
V
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APPLIANCE CONCEPT REUUTALMINIS AND PENALT •ICS CALCULATIONS
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a	 HABITABILITY SUBSYSTEM 5.0 Medical
HABITABILITY FUNCTION 5.2 Physical Monitoring
APPLIANCE FUNCTION 	 5.2• Ergometers
NUMBER OF CONCEPTS CONSIDERED 	 I
ASSUMPTIONS
None
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SPACECRAFT	 Shuttle
Physical
HABITABILITY SUBSYSTEM Medical	 HABITABILITY FUNCTION Monitoring
APPLIANCE FUNCTION 	 Ergometer
APPLIANCE CONCEPT NO./TITLE.' 	 Ergometer
INDEX NO.
	 5:2.1	 REF. NO. 94, Skylab unit
DESCRIPTION
The ergometer is a bicycle-type, floor-mounted exercise machine with handlebars,
bicycle seat, bicycle pedals, and a chest board. The ergometer is designed
to allow the crew to exercise in a zero-g environment, using either his
hands or his feet to drive the ergometer. The ergometer is capable of auto-
matically programing , heart rate (100 to 200 beats per minute) which is accomplished
by a feedback loop control.in which the-workload varies automatically to produce
desired heart rates. The exercise is accomplished by manually pedaling which
drives a DC torque motor. The work is released to the environment as heat.
The rate of power application in the automatic mode shall be adjustable from
25 to 100 watts per minute. The manual mode workload range is 25 to 300 watts.
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